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The western burrowing owl (Athene cunicularia hypugea) has been declining
throughout much of its range, and in some areas, quite dramatically. In the Great Plains
region, these declines appear to be closely associated with declines in prairie dog
numbers. Most research to date has taken place on relatively small, fragmented prairie
dog colonies. The objectives of this study were to analyze burrowing owl reproductive
performance (i.e., clutch size, brood size, and number fledged), and nestling body
condition in relation to nest level and colony level factors in Buffalo Gap National
Grassland, South Dakota. Buffalo Gap contains large prairie dog complexes and
unbroken expanses of shortgrass prairie. Nest level variables included: pair arrival date
on the breeding grounds, clutch initiation date, burrow length to nest, distance to the
colony edge, the number of nests within 250 m of a particular nest, and nearest neighbor
distance. Colony level variables measured were: colony size, number of nests, active
burrows/ha, inactive burrows/ha, total burrows/ha, % active burrows, prairie dog
density/ha, mean pair arrival date, mean clutch initiation date, mean burrow length to
nest, mean distance to edge, mean number of nests within 250 m of a nest, mean nearest
neighbor distance, and pair density. Categorical data that were analyzed consisted of
burrow type, nest fate, burrow re-use the second year, egg displacement away from the
clutch, and female nesting behavior.

Burrowing owl reproductive performance was affected by the same factors at the
nest and colony level. At the nest level, those pairs that arrived early, initiated clutches
sooner, and nested at greater distances from nearest neighbors had larger clutches,
broods, and fledged more young. At the prairie dog colony scale, those colonies that had
enough desirable habitat to allow for greater mean spacing of nests, resulted in early
arriving pairs selecting these colonies and having greater reproductive success.
Successful nests had greater nearest neighbor distances and earlier clutch
initiation dates than unsuccessful nests. Re-used burrows fledged more young and were
characterized by early arriving pairs that initiated clutches early. Female burrowing owls
were more aggressive in burrows that had their nests located closer to the entrance
compared to nests located farther away. Late arriving pairs were more likely to have an
egg displaced away from the clutch than early arriving pairs.
Body condition of nestling burrowing owls was negatively related to stress levels
for both years. In 1999, which had a wet spring, body condition was negatively related to
brood size and distance from nest to colony edge. Weather may influence nestling body
condition since there was no relation with brood size during 2000, which was normal in
terms of temperature and precipitation. In 2000, nestlings of early arriving pairs were in
better body condition than those that arrived later.
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CHAPTER!:
LITERATURE REVIEW

Reproductive Performance
Western burrowing owl (Athene cunicularia hypugea) pair formation usually
takes place during March and April (Best 1969, Butts 1973, Martin 1973). However, it is
unclear if pair formation takes place prior to arrival on the breeding grounds or shortly
thereafter, or both, Adults arrived on the breeding grounds both paired and singly in New
Mexico (Martin 1973), but Wellicome (2000) determined that pairs did not form until
after arrival on the breeding grounds during his study in Canada; although female arrival
dates were closely related with male arrival dates. Once on the breeding grounds,
unpaired males choose and prepare the nest burrow for habitation and attracting a female
(Martin 1973).
The timing of clutch initiation within a given area is primarily a function of
female arrival date. In Canada, egg laying began, on average, 12 days after the female
arrived on the breeding grounds (Wellicome 2000). Additionally, and on a larger scale,
clutch initiation is affected by latitude. Egg laying began in late March, but usually early
April, for owls in Oklahoma (Butts 1973). Green (1983) found laying began in Oregon
as early as 1 April but as late as the fIrst week in May, and in Idaho, egg laying was from
late April to early May (Gleason 1978). In Canada, the northern limits of the owl's
range, clutch initiation occurred from 25 April to 6 June, with the majority starting to lay
between 5 and 17 May (Wellicome 2000).
Burrowing owl clutch size is variable. Johnsgard (1988) reported clutches of 3-10
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eggs, and Haug (1985) excavated 2 nest burrows in Canada with clutches of 5 and 9
eggs. Bent (1938) recorded clutches of 6-11 eggs. Burrowing owls had an average
clutch size of 7 in California (range: 1-11, n =28; Landry 1979) and 10 (n

=4) in Oregon

(Henny and Blus 1981). The largest clutch size was 12 eggs recorded by Wellicome
(2000) in Canada, who concluded that female arrival on the breeding grounds and
subsequent clutch initiation date was correlated with clutch size in most years; clutch size
declined on average 0.63 eggs/week.
Incubation appears to begin upon the laying of the first egg with asYnchronous
hatching of chicks over a 2-8 day span (Butts 1973, Landry 1979, Wellicome 2000).
Incubation usually lasts between 27 and 30 days (Johnsgard 1988). Once hatched, the
chicks usually do not emerge from the burrow until 10 days of age (Butts 1973), and
fledging occurs at 42 days of age (Haug 1985).
Fledging success (number of young surviving until fledging per nest attempt) is
consistently recorded at levels well below average clutch sizes (Thomsen 1971, Butts
1973, Martin 1973, Landry 1979, Haug 1985, Desmond 1991). These differences
indicate either significant underground mortality and/or nest abandonment. Landry
(1979) used artificial nest burrows to monitor the reproductive success of burrowing owls
in California. In many instances, some of the eggs did not hatch, but he did not elaborate
on possible reasons why.
Wellicome (1997) examined reproductive performance of burrowing owls in
relation to food intake. Supplemental feeding was initiated to a subsample of owls in
which each pair was provided dead mice at 3-day intervals as soon as egg laying began.
Another subsample of owls was supplementally fed during the brood-rearing stage.
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Wellicome (1997) concluded that food limitation was a significant contributor to
fledging success and a weak contributor to clutch size. Supplementally fed pairs not only
fledged more young but also had fewer incidences of cannibalism than unsupplemented
pairs. Thus, it appears females may only incubate and hatch-out the number of eggs they
feel they can successfully raise, or the brood is self adjusted to food resources through
starvation and cannibalism. Similar fmdings have been reported for certain rap tors.
Clutch sizes for snowy owls (Nyctea scandiaca) were actually greater during low
lemming (Dicrostonix vinogradovi and Lemmus sibiricus) seasons (Clutch =7.17, n

=29)

than for peak lemming seasons (clutch =6.0, P < 0.001); however, number of young
fledged per nest attempt was just the opposite, greater in peak le=ing years
(Menyushina 1997). Additionally, during periods of low and medium lemming densities,
30-40% of the females abandoned their nests. This is especially critical to young
females. During one low lemming year, 67% of young females eventually abandoned
their nest.
Nesting success and number of young fledged per pair is highly variable between
study sites and between years within a particnlar area. A 5-year study conducted
primarily on black-tailed prairie dog (Cynomys ludovicianus) colonies in western
Nebraska showed that nesting success (those pairs that fledged at least 1 nestling)
decreased steadily every year, with a high of 73% in 1989 to a low of 27% in 1993 (mean
for all 5 years was 48%; Desmond and Savidge 2000). The number of fledglings per nest
attempt also decreased steadily during this period, with a high of 2.9 in 1989 to a low of
0.8 in 1993 (

X = 1.9).

However, owls nesting in badger (Taxidea taxus) burrows in the

same area produced somewhat conflicting results. Nesting success was highest in 1989 at
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86% and lowest in 1991 at 36% ( X = 58%), but increased to 50% in 1992. Number of
young fledged per nesting attempt varied from 5.1 in 1989 to 1.1 in 1991, then increased
to 2.2 in 1992 (

X

= 3.0, Desmond and Savidge 2000). The badger habitat produced

results comparable to other studies in which owls nested in badger burrows. In Canada,
nest success was 59%, with a mean fledge number of 2.6 per nest attempt (Haug 1985); a
success rate of 53% was reported in Oregon (Green and Anthony 1989). The 48%
success rate and 1.9 fledglings per nest attempt reported by Desmond and Savidge (2000)
in prairie dog colonies were lower than fmdings from other research conducted in prairie
dog habitat. Plumpton (1992) recorded an average nest success rate of 85% and 4.4
young fledged per nest attempt over a 2-year period in Colorado. In South Dakota,
average brood size was 2.1 in 1991 and 3.1 in 1992 (Martel et a1. 1993); although fmal
fledge counts were not made, they undoubtedly would have been lower. Owls using
prairie dog colonies in Oklahoma achieved a 79% nest success rate and had a mean
fledge count of 3.3 young per nesting attempt (Butts 1973). Desmond and Savidge

(2000) concluded that the primary reason for the steady decline in burrowing owl
reproductive success in western Nebraska was prairie dog control programs that were
implemented on their study sites. Badger predation was also noted as a significant
contributor to nesting failures.
Mortality
Primary predators of burrowing owls include: badgers, foxes (VuZpes spp.),
striped skunks (Mephitis mephitis), weasels (MusteZa nivalis and M. frenata), raccoons

(Procyon Zotor), and snakes. These particular animals are capable of entering or
excavating burrows and eating the eggs/nestlings and/or adults (Wellicome et al. 1997).
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Raptors also pose a threat; R. Ekstein (University of Nebraska, personal
communication) reported that a great-homed owl (Bubo virginianus) decimated an entire
brood just prior to fledging, and Wellicome (1997) had an adult male killed by a
Swainson's hawk (Buteo swainsom).

In Canada, Wellicome et al. (1997) tested artificial nest burrows that had been
predator proofed, and concluded that they were effective and increased nest success. In
the first year of his study, 53% of natural nests were lost to predators compared to only
9% for the artificial nests. Of the 32 artificial nests, 18 had predation attempts but only 3
were lost; badgers filled in 2 burrows and a small red fox kit (Vulpes vulpes) was able to
fit through the predator-proof collar and depredate the third nest. In the second year of
the study, no artificial nests were depredated, whereas predators preyed on 19% of
natural nest burrows. The post-fledging dependency period is another critical time for
young owls. Juveniles are experimenting with flight and the adults are still actively
hunting to feed them. The enhanced activity may attract predators (Clayton and Schmutz
1997).

Nest Level Characteristics
The western burrowing owl nests in burrows throughout the Great Plains and
western U.S. The burrow plays a vital role in the livelihood of burrowing owls by
providing shelter, nesting habitat, and escape cover. Burrowing owls are found in a
number of landscapes and habitats, which results directly in a large variability in type and
structure of burrow used. A common theme for nest site selection is short vegetation and
the presence of colonial sciurid burrows.
Burrowing owls have been recorded using burrows excavated by beechy ground
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squirrels (Spermophilus beecheyi) (Thomsen 1971), yellow-bellied marmots (Marmota
jlaviventris) (Rich 1986), badgers (Green 1983, Haug 1985, Rich 1986, Desmond 1991),

white-tailed prairie dogs (Cynomys leucurus) (Martin 1973, Thompson 1984), blacktailed prairie dogs (Buns 1973; Ross 1974; MacCracken et al. 1985a,b; Desmond 1991;
Plumpton 1992; Hughes 1993; Pezzolesi 1994), and modified muskrat (Ondata
zibethicus) burrows (Coulombe 1971). Also, natural rock cavities (Rich 1986) and holes

in arroyo banks (Botelho and Arrowood 1995) have been used as nest sites. At Buffalo
Gap National Grassland, burrowing owls nest almost exclusively in black-tailed prairie
dog burrows (MacCracken et al. 1985a,b; Martell et al. 1993).
Burrowing owls in Colorado and Nebraska selected nest sites located in areas
with higher densities of burrows than randomly chosen burrows (plumpton 1992, Ekstein
1999). Reproductive success in Nebraskawas primarily influenced by burrow densities
and owl numbers (Desmond and Savidge 2000).
Burrowing owls may benefit from higher burrow densities (active and inactive)
for a number of reasons. Active burrows are a direct result of prairie dog activity, and the
more prairie dogs in a given area, the less chance of a predator selecting a burrow with an
owl in it as opposed to a burrow with a prairie dog in it. .Additionally, burrowing owls
may be cueing in on prairie dog alarm calls when predators are nearby. Both adult and
young burrowing owls use satellite burrows; young owls will spread out and use several
burrows as soon as they are old enough to get around. This may be a response to
parasites typically found in the nest burrow (Butts 1973). This should also decrease the
chance of a predator decimating the entire brood and increase the chances of at least one
nestling surviving until the fledging stage (Desmond 1991). Prairie dogs continually clip
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and graze the surrounding vegetation, thus reducing canopy height within a colony to
less than half that of uncolonized areas (Archer et al. 1987). Burrowing owls have been
recorded using sites characterized by relatively short vegetation structure throughout their
range (Butts 1973, Zam 1974, Green 1983, Plumpton 1992). Vegetation height in the
Conata Basin of Buffalo Gap National Grassland was significantly lower within 5 m of a
burrowing owl nest site compared to non-nest burrows (MacCracken et al. 1985b). Low
vegetation may provide a better field of vision for early identification of predators (Green
. and Anthony 1989). Burrows abandoned by prairie dogs eventually revegetate with
annual forbs and grasses, which subsequently reduce their attractiveness as nest sites
(MacCracken et al. 1985b). Thus, burrowing owls appear to be evicting prairie dogs out
of active burrows, or selecting burrows that have been recently abandoned by prairie dogs
and are in the early stages of plant succession.
Burrowing owls appear to concentrate their nests on the edges of prairie dog
colonies (Butts 1973, Desmond et al. 1995, Ekstein 1999). Prairie dog densities have
been recorded at higher levels on the edge compared to the interior (Koford 1958). As
discussed, there are several potential advantages to increased numbers of prairie dogs.
Another advantage of nesting near the edge of the prairie dog colony is food resource
diversity. Small mammal diversity was greater on adjacent uncolonized sites in South
Dakota (Agnew et al. 1986). Thus, by nesting on the edge, owls can increase the

.

diversity of their food resources, which should help facilitate times when certain prey
populations are low.
Desmond (1991) reported nearest neighbor distances of 100-160 m in prairie dog
colonies, and Martin (1973) found a mean distance of 166 m for owls nesting in rock
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squirrel (Spermophilus variegates) burrows in New Mexico. In Canada, Haug (1985)
reported a mean nearest neighbor distance of 160 m for owls using badger burrows.
Owls nesting within 110 m of each other in Oregon caused one of the nests to be
abandoned, and both nests were abandoned if they were located within 60 m of each
other (Green and Anthony 1989).
Burrowing owls exhibit a certain degree of nest site fidelity (returning to nest in
the same location). Owls will typically select prairie dog colonies that have been used
the previous year. In Colorado, 90% of colonies used the previous year were re-used the
following year (plumpton and Lutz 1993). Additionally, owls will nest in burrows used
the year before (Martin 1973, Plumpton 1992). Re-use of nest burrows from year' to year
typically occurs by a different pair of owls, indicating that the burrow and surrounding
habitat contain desired qualities that influence owl occupancy (plumpton 1992).
Research conducted on banded owls in Colorado showed a sigrtificant difference in return
rates. Those owls that successfull y nested the previous year had an 84% return rate
compared to only a 16% return rate for unsuccessful nesters (pezzolesi 1994). Owls may
repeatedly choose nest sites used the year before because these areas provide the best
possible habitat to raise young. Site tenacity may additionally be a factor. In San
Joaquin County, California it is often necessary to destroy burrows and relocate owls
because of development. Feeney (1997) documented relocation efforts that placed owls
in areas that ranged from 1.6 to 240 Jan away from original sites. Only those relocated at
distances> 144 Jan consistent! y stayed away from their original capture site. On two
separate occasions, owls relocated 48 Jan away were found back at the original site later
the same day.
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Prairie Dog Colony and Landscape Level Characteristics

The black-tailed prairie dog was historically found throughout the Great Plains,
from the Rocky Mountains in the west to the tallgrass prairie in the east; It has been
estimated that prairie dogs have been reduced in the U.S. from an historical size of
44,920,106 ha to a current size of 273,838 ha, with 98,953 ha of this remaining
population residing in South Dakota (Knowles 1998). Most states (Colorado, Kansas,
Montana, Nebraska, Texas, and Wyoming) continue to show declining populations, while
the status in Oklahoma and New Mexico is unknown. Black-tailed prairie dogs have
been extirpated from Arizona, and only South and North Dakota report stable populations
(Knowles 1998).
South Dakota appears to be the last place that large, high-density prairie dog
colonies can be found. Part of the reason for such high populations is that South Dakota
is the only state without any significant record of plague, which can quickly decimate
prairie dog populations (Knowles 1998). Although there are large numbers of prairie
dogs on the National Grasslands, and in particular Buffalo Gap National Grassland, about
75% of the state's prairie dog population is located throughout 7 Sioux Indian
Reservations (Knowles 1998). There were approximately 285,120 ha of prairie
dogs controlled on the Pine Ridge Indian Reservation alone from 1980-1986 (Hanson
1993).
Reductions in the prairie dog population over the last century have led to a severe
fragmentation of remaining prairie dog colonies throughout most parts of the Great
Plains. In Canada, habitat fragmentation has been recognized as a major contributor to
declining burrowing owl numbers in Saskatchewan (Warnock and James 1997). The
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continuing decline in suitable habitat forces owls to nest in what little habitat remains,
usually at the expense of nesting success. Thus, the chances of nest abandonment
through events such as competition between pairs and possibly depredation may increase
with decreases in suitable habitat patch size (Warnock and James 1997).
Burrowing owls do not use abandoned prairie dog colonies as much as active
colonies (Butts 1973). Areas that have been subjected to control efforts usually result in
a rapid deterioration of burrows and subsequent increase in vegetation structure. In
Oklahoma, prairie dog colonies became unsuitable as breeding habitat for burrowing
owls within 1-3 years of abandonment (Butts 1973).
Colony size is positively related to numbers of breeding pairs of burrowing owls
(Desmond 1991, Pezzolesi 1994, Desmond and Savidge 1996, Ekstein 1999). Although
owl numbers increase with colony size, densities decrease (Desmond and Savidge 1996).
Larger colonies provide more habitat for owls to choose prime nesting territories and
have been shown to be a significant contributor to nesting success (Ekstein 1999,
Desmond and Savidge 2000). In Nebraska, burrowing owls nested in clusters in colonies
2:35 ha (Desmond et al. 1995). The number of owls nesting in a cluster was positively
related to colony size and nesting success (Desmond and Savidge 1996). Burrowing owls
possibly nest in clusters for enhanced predator detection; however, when forced to nest
closer than the minimum required distance, competition for food, good nesting burrows,
and territory defense may have a negative affect.
Burrowing owls selected nest sites in Nebraska that had relatively large prairie
dog colonies located within a 10-km radius, and nest success was positively influenced
by the area of the largest colony within 3 km (Ekstein 1999). Owls in Colorado selected
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nest sites in prairie dog colonies that contained more nearby shortgtass patches than
cropland patches; however, because of the structure of the fragmented landscape,
shortgtass patches were smaller than cropland patches (Biddle 1996). Thus, in some
instances owls are nesting in more fragmented landscapes (Biddle 1996, Warnock and
James 1997); however, they may be utilizing these sites because they contain what is left
of prime nesting habitat (Warnock and James 1997). In particular, lacustrine soils
provide the best characteristics for burrow development, and are also highly desirable as
farmgtound because of their relatively flat topogtaphy, lack of rocks, and s·andy-silty
loam qualities (Wellicome and Haug 1995).
Nestling Health
Burrowing owls using artificial nest burrows were the basis for a study analyzing
nestling growth rates and thermoregulatory capacities from the period of clutch initiation
to fledging (Landry 1979). Burrowing owl nestlings have little thermoregulatory
capacity during the first week of life, followed by gtadual improvement until
approximately 16 days of age, in which they appear to be able to maintain body
temperature when subjected to cold temperatures.
Burrowing owls typiCally hatch asynchronously. Early chicks get a gteater
proportion of food, which results in a faster gtowth rate. Brood size is negatively related
to gtowth rate (Landry 1979, Bellocq 1997). It appears that early in the brood rearing
stage, adults have little problem providing enough food, even for large broods. Brood
size becomes a factor later when young are consuming large amounts of food and adults
are continually searching for resources to sustain not only the brood, but also themselves.
During times of depressed food resources, last-hatched chicks are usually unable to
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compete with older and larger siblings and eventually die or are cannibalized (Landry
1979). Wellicome (1997) tested the reproductive performance of burrowing owls in
Canada with supplemental feeding. Supplementally fed pairs fledged more young than
unsupplemented pairs~ Cannibalism was significantly higher for unsupplemented broods
than for supplemented broods. Parts of cannibalized young were found in both the
parents, and the siblings' pellets. Additionally, beheaded nestlings were found in prey
caches with other food items. Wellicome (1997) noted that the cannibalized victim was
the smallest nestling in the brood every time.
Birds in general have to store large amounts of fat for fuel prior to and during
migration 10 reach their final destination (Blem 1980). As fat deposits are depleted
during migration, birds are able to replenish them at rates approaching 10% of their live
body mass per day if they frod suitable stopover sites (Moore and Kerlinger 1987, Loria
and Moore 1990). Little research has been conducted on burrowing owl migratory
patterns but Scalise (1998) provides some limited information. She reported that
burrowing owls migrate exclusively at night and often spend more than one day at a
stopover site. Also, nightly movements (n = 4) averaged 186 km (range: 109-320 km).
One of the more in-depth studies conducted on burrowing owls showed a definite
migration pattern from South Dakota to Texas (Brenckle 1936).
The amount of stored fat reserves can playa major role in the decision to migrate.
Sandburg (1994) determined that European robins (Erithacus rubecula) in lean condition
either stayed at their current position or departed in opposite directions of normal
migratory patterns, probably to frod better feeding conditions. This may suggest that, if
fat reserves are limiting, birds may stay put to improve their fat stores or engage in
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reorientation to find more productive sites. Additionally, birds in poor health may be
more susceptible to death during migration. Mallards (Anas platyrhynchos) in poor body
condition are more likely to be recovered during the hunting season than those in good
condition (Hepp et al. 1986). Young owls in poor condition may be suffering the
majority of first year mortality. Lutz and Plumpton (1997) determined that first year
survival for burrowing owl nestlings was only 12% and then increased to an average of
62% for remaining years in Colorado.
Stress
A stressor is any biological, physical, or chemical factor that produces negative
effects on individuals, populations, communities, or ecosystems (Risk Assessment Forum
1992). For young burrowing owls, factors such as weather, food resources, predation
pressure, and sibling competition serve as possible stressors.· Stress can lead to physical
damage, behavioral changes, and negative physiological responses (Gonyou 1986).
Quld and Welch (1980) studied the effects of crowding as a stressor on mallard
ducklings and how it related to parasitism. Stressed ducklings contained greater numbers
and larger nematodes (Echinuria uncinata) than those in the control group. Similar
findings have been reported by using continuous light, continuous darkness, and food
restrictions as stressors (Ackert et al. 1927, Sadun et al. 1949). It was reasoned that stress
interfered with duckling immunological mechanisms and led to greater parasitism (Quid
and Welch 1980). Svensson et al. (1998) tested the immune responsiveness of blue tits

(parns caerulens) by subjecting a sample of birds to cold stress at a level that would be
expected during cold winter periods. There was a negative relationship between coldinduced stress and immune responses, suggesting that during cold spells there may be a
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greater risk of infectious disease. Cold stress may be very critical for young burrowing
owls since they have poor thermoregulatory capacity during the fIrst week of life (Landry
1979). Similar immune responses have been documented concerning the limitation of
certain nutrients such as proteins (Lochmiller et al. 1993), carotenoids (Lozano 1994),
and amino acids (Klasing and Austic 1994a,b). Young burrowing owls, especially those
in large broods, may be suffering from increased levels of stress associated with
crowding and competition for scarce food resources. Large broods have slower growth
rates and last-hatched young are typically smaller and more likely to die (Wellicome
1997). Although starvation is the most common reason given for within-brood deaths,
stress-induced physiological changes such as immune suppression could also playa
major role by increasing rates of infectious disease and parasitism. Habitat may be the
ultimate variable concerning stress-induced death; food resources and satellite burrows
allow young owls to spread-out and avoid crowding conflicts.
Determining Body Condition and Stress
Body condition has been defmed as the fItness a particular individual is in
according to its present and future energy demands relative to its activities (Owen and
Cook 1977). Ringleman and Szymczak (1985) considered "condition" a measure of
survivability for an individual at a particular time of year and/or its future ability to
successfully breed.
Physiological measurements of birds

can provide a relative index to whole body

fat and the physical condition a particular bird is in compared to the rest of the
population. Body weight and structural measurements such as wing chord, culmen
length, head length, tarsus length, total body length, and various combinations of these
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have been used to assess the condition of both live and dead birds (Bailey 1979,
Chappell and Titman 1983, Hepp et al. 1986, Hohman and Taylor 1986).
Combining body weight with wing length produced the best estimate of
predicting total body fat in mallards (Ringleman and Szymczak 1985). This resulted in
an additional 18-20% of the variability being accounted for over using body weight alone
as the predictor. By compensating for structural size and developing a condition index,
the chances of failing to detect a difference when one really exists (Type II error) are
reduced (Ringleman and Szymczak 1985). The combination of total body length and
wing chord with body weight proved to be a better estimator of total lipid content over
weight alone in Sandhill cranes (Grus canadensis) (Iverson and Vohs 1982). Although
the most accurate means of analyzing lipid content is through the Soxhelet device, this
can only be done on dead birds. It appears that combiiJing structural measurements with
body weight produces the best estimator of fat content in live birds.
Two common methods used to analyze stress in birds are the
heterophil:lymphocyte (HIL) ratio and corticosteroid concentrations in the blood.
However, the H!L ratio provides a measure of physiological change, whereas
corticosteroid levels may be affected by 'factors that occur before physiological responses.
Thus, the H/L ratio is less variable, provides a better measure of environmental stress,
and is more indicative of long-term changes than corticosteroid concentrations (Gross
and Siegel 1983, McFarlane and Curtis 1989).
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CHAPTER 2:
FACTORS INFLUENCING BURROWING OWL REPRODUCTIVE
PERFORMANCE IN BUFFALO GAP NATIONAL GRASSLAND

INTRODUCTION
Several studies have examined the ecology and status of the western burrowing
owl (Athene cunicularia hypugaea). A common theme for most authors is that these
small grassland owls are declining (Butts 1973, Zam 1974, Haug 1985, Martell 1993),
and some populations are declining at alarming rates. Desmond and Savidge (2000)
reported declines of 63% in western Nebraska from 1990 to 1996. The burrowing owl is
classified as a sensitive species on Great Plains National Grasslands and in many states
within the Great Plains ecosystem. Oklahoma and Montana have listed burrowing owls
as a species of special concern while Minnesota and Canada consider them endangered
(Sidle 1998).

In the Great Plains region, burrowing owls are most commonly associated with
black-tailed prairie dog (Cynomys ludovicianus) colonies for nesting, shelter, and raising
young. Historically, prairie dog colonies were common in the prairies from Canada to
Mexico and from the eastern edge of the Rocky Mountains to the western edge of the
tallgrass prairie (Hall 1981). However, livestock producers and land developers perceive
prairie dogs as competitors for resources. Thus, prairie dogs have been the subject of
major control efforts by humans and extirpated from much of their historic range.
Anderson et al. (1986) reported population declines of about 95%, which has led to
severe fragmentation of remaining prairie dog colonies and in some cases, corresponding
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declines in burrowing owls (Desmond and Savidge 2000). Habitat fragmentation of
grasslands on the breeding grounds is a major factor in declining burrowing owl numbers
in Saskatchewan (Warnock and James 1997).
Buffalo Gap National Grassland in South Dakota contains large expanses of
continuous shortgrass prairie associated with numerous prairie dog colonies, some of
which are very large and off limits to shooting and poisoning. The Grassland probably
resembles historical conditions 100 years ago, complete with the highly specialized
black-footed ferret (Mustela nigripes). If in fact prairie dog eradication is posing a
serious threat to the future of burrowing owls in the Great Plains, Buffalo Gap may
provide the historical perspective needed to compare burrowing owl reproductive
performance among sites.

In this paper, burrowing owl reproductive performance (i.e., clutch size, brood
size, and number of young fledged) serves as the measure for habitat quality within sites
on Buffalo Gap National Grassland, and is analyzed at both the nest and prairie dog
colony scale. At the nest level, I expected that competition between pairs for scarce
resources would playa major role in reproductive performance, thus it was predicted that
the number of nest within 250 m would be negatively related and nearest neighbor
distance positively related to reproductive performance. Based on Wellicome's (2000)
study, I predicted that clutch size would be negatively related to pair arrival date and
clutch initiation date. For underground burrow le)lgth to nest site (hereafter, called
burrow length), I predicted that nests located further in the burrow would have better
success and higher reproductive output than those located closer to the burrow entrance.
These nests should be able to withstand flooding and possibly predation attempts better.
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In Nebraska, nesting success was positively related to nest distance from the colony
edge (Ekstein 1999); thus, I predicted that nesting success and reproductive performance
would be greater for owls nesting further from the edge. Alternatively, owls nesting
close to the colony edge may benefit from greater prey diversity and possibly abundance.
Colony level variables measured were: colony size, number of nests, various
indicators of prairie dog activity, and mean nest level variables. Reproductive success in
Nebraska was positively influenced by burrow densities and owl numbers (Desmond and
Savidge 2000). Thus, I predicted that reproductive performance would be greater in
colonies with higher burrow densities. Additionally, since large colonies have more
available habitat, I predicted that large colonies would have better nesting success and
greater reproductive performance than smaller colonies. Categorical data analyzed
consisted of burrow type (mounded or unmounded), nest fate, burrow re-use the second
year, egg displacement away from the clutch, and female nesting behavior. Results from
this study were compared with past research conducted on prairie dog colonies in western
Nebraska that were subjected to prairie dog shooting and poisoning. This research
contributes new incites on female nesting behavior, burrow length, and clutch size in
prairie dog burrows as well as potential black-footed ferret predation on owl nests.

STIJDY AREA

My study area was in the Wall District of Buffalo Gap National Grassland,
located in southwestern South Dakota (Figure 1). I was on the area from April to August
in both 1999 and 2000. The District has approximately 220 prairie dog colonies that
range in size from 0.5 to 700 ha, with a total acreage of around 4,000 ha. Black-footed
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ferrets are located throughout a large portion of the District, and in particular the
Conata Basin and Heck Table area. Both contain numerous large prairie dog colonies
(Figure 2) .. Latest surveys showed there are at least 140 ferrets but possibly up to 167
individuals located throughout the District (D. Sargent, U.S. Forest Service, Buffalo Gap
National Grassland, personal communication).
The Wall District of Buffalo Gap has done little prairie dog poisoning over the
last 10 years and totally eliminated poisoning as a management practice 5 years ago (D.
Sargent, personal communication). In late summer of 1998, prairie dog shooting was
prohibited.as a recreational activity on the black-footed ferret reintroduction sites (i.e.,
the Conata Basin and Heck Table area) but is still allowed on areas outside of this zone.
The Forest Service determined that there was a 30 - 40% decrease in prairie dog activity
in areas where shooting was allowed.

In 1999, 63 prairie dog colonies, ranging in size from 1.4 -451.9 ha, were
surveyed for owls (Figure 2), and 43 of those colonies had at least one nesting attempt.
The same colonies were surveyed in 2000, however, because of shooting restrictions and
a relatively dry winter, two of the surveyed prairie dog colonies expanded and merged
with two unsampled colonies, greatly increasing their size. The range in colony size
changed to 1.4 -700 ha in the second year of this study, and 45 of the 63 colonies had at
least one nesting attempt. Eight of the 63 colonies were located outside of the shooting
restriction zone; owls nested in 6 of these in 1999 and used 5 in 2000. These colonies
experienced some light shooting in the late summer of both years.
All colonies were subject to rotational grazing by domestic cattle, which has
taken place on the National Grassland since 1900 (MacCracken et al. 1985a,b).
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Historically, bison (Bison bison) were the dominant grazers. All nearby or adjacent
areas were grassland. These areas were cattle-grazed, except for near the Badlands
National Park boundary. Where Buffalo Gap meets the National Park, the park side of
the fence is ungrazed.·
Buffalo Gap National Grassland contains a diverse mixture of flora and fauna,
with grasses making up the predominant vegetative group. The area consists of
shortgrass prairie dominated by blue grama (Bouteloua gracilis), buffalo grass (Buchloe
dactyloides), western wheatgrass (Agropyron smithii), sedges (Carex spp.), red three-awn
(Aristida longiseta), wooly Indianwheat (Plantago spinulosa), prairie dogweed (Dyssodia
papposa), and plains prickly pear (Opuntia polycantha).
The climate is "semi-arid-continental" and characterized by cold winters and hot.
summers. Most precipitation occurs during the growing season and averages 40 em per
year (Agnew et al. 1986). Over the 4-month period (1 April- 1 August) of my research,
the average temperature, taken from the lOO-year mean (1900 - 2000), was 15.61 ° C with
a mean precipitation of 6.14 em. The average temperature in 1999 over this same 4month periodwas cooler with a mean of 14.88° C and wetter with a mean precipitation of
8.89 em. In 2000, the means were closer to normal with an average temperature of
15.89° C and mean precipitation of 7.07 em (National Climate Data Center 2000).

METHODS
Nest Locations
Prairie dog colonies were intensively searched for burrowing owl nests at least
twice weekly by foot, fill terrain vehicle (ATV), and 4x4 truck. Surveys were conducted
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from 2 April - 15 June 1999 and from 11 April- 15 June 2000. I considered 15 June
the cutoff for owls establishing new nests, and shifted my efforts from search and
monitor to monitor and trapping after that date. However, in some of the very large
colonies, a small number of nests were found after the cutoff date and included in the
analysis. Re-nests were also included in the study and only consisted of 2 attempts in
1999. Owl nests were identified by the presence of one or more owls in the area and
generall y a burrow with shredded cow dung at the entrance. Nest burrows typically had
nearby "perch" burrows covered in whitewash. A wooden stake with an identification
number was placed 5 m north of the nest burrow for ease in relocating and grid
coordinates for each nest were obtained with a global positioning system GPS (±5 m).
Color-infrared aerial photographs of the Grassland (July 1997) were acquired by the
Forest Service and prairie dog colonies identified and registered onto standard USGS
Digital Raster Graphic maps (DRG's) using ARCIINFO (Environmental Systems
Research Institute, Inc., Redlands, California, USA) software. I entered all nest locations
into the geographic information system (GIS) using ArcView 3.0 (Environmental
Systems Research Institute, Inc., Redlands, California, USA).
An underground video probe (peeper Video Probe'· , Sandpiper Technologies,

Manteca, California) was used to confirm active burrowing owl nests. On a few rare
occasions, owls used nest burrows lacking any evidence of occupancy (i.e., shredded cow
dung, pellets, and whitewash), and on two occasions in 2000, nests were lined heavily
with cow dung, but no clutch was initiated. The Peeper consisted of a 3-= focal length
lens with 512(h) x 492(v) resolution and 6 Hi-brightness infrared LED's encased in hard
plastic, which was waterproof and protected the camera head. The camera head was
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attached to a 3-m bi-wound steel flextube with rubber jacket. A head-mounted display
provided the video while operating the device. A 12-volt gel-cell battery powered the
whole unit with a maximum capacity of 7 amps.

Clutch Size and Female Behavior
Once the female became more conspicuous and large amounts of nesting material
(i.e., shredded cow dung) were deposited around the burrow entrance, I determined that
egg laying had begun. I used the Peeper to get an initial egg count by manipulating the
device down the burrow until I located the eggs. If the female was sitting on the eggs,
she was gently nudged with the camera head. If she refused to move, another probe
attempt was made a few days later. Additionally, if the female aggressively attacked the
probe, the attempt was aborted and tried later. If the female repeatedly attacked the probe
on subsequent attempts or would not move off the eggs, then the nest was not probed
until the female left the burrow. Females that were in the burrow at the time of probing
were assigned a behavior, either "aggressive" or "non-aggressive" according to their
actions. Aggressive females were those that attacked, pecked, and/or hissed at the probe,
or on rare occasions buried their eggs and ran down the burrow. Non-aggressive females
typically sat motionless and either would not move or simply stepped aside when I was·
trying to get clutch counts.
I attempted to get two clutch counts per nest and ensure that the female was
fInished laying. Burrowing owls lay 1 egg every 1.5 days (Olenick 1990), and a clutch
size of 12 was considered the maximum that any female could lay (Wellicome 2000).
The time interval between probe attempts was adjusted accordingly. For example, if my
initial probe attempt was successful and I counted 3 eggs, then it would take an additional
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14 days for that particular female to lay the maximum clutch of 12 eggs. However,
since I did not know the exact timing of when the third egg was layed on the initial probe,
one more day was added to the probe interval. In this example, the next probe attempt
would be 15 days after the initial successful attempt. Except for the nests that already
had complete clutches on the first probe attempt, it was possible to backdate and
determine within 1 day when the clutch was initiated.

Brood and Fledge Counts
Counts of young were usually conducted at distances «100 m using a window
mounted spotting scope within a vehicle. Nearby satellite burrows were scanned for
activity. A minimum of 15 minutes was spent at each nest site, but it was co=on to
spend up to 45 minutes to get a good count. A best-case scenario was to catch the adults
bringing food back to the nest site; this triggered a "mobbing" effect by the nestlings and
greatly aided counts. I visited nest sites at least twice a week, but usually 3 or 4 times a
week, during this phase of the study. Brood size was estimated as the maximum number
of young seen at each nest site prior to fledging.
I monitored each nest site until it was either terminated or had successfully
fledged young. A successful nest was one that had at least one nestling survive until
fledging age (approximately 42 days of age, Haug 1985). The Peeper was also used to
determine possible reasons for nesting failures, including abandonment, flooding,
depredation, and underground mortality.

Nest Level Factors
Whenever I initially spotted a pair that displayed a certain degree of territoriality
before nesting, their arrival date was identified as the midway point between the last visit
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before identifying the pair and the date the pair was located (Wellicome 2000). For
data analysis purposes, 1 April was identified as day 1. Thus, 2 May would be day 32
and so forth. Arrival dates for 1999 were not included in the analysis because of the
extremely wet weather that year and my inability to reach certain prairie dog colonies.
The nesting burrow was classified as either "mounded" or "unmounded"
according to its physical properties. An unmounded burrow had no excess soil build-up
around the burrow entrance while a mounded burrow had enough soil build-up around
the burrow entrance to constitute a noticeable contrast with the natural topography.
Burrow length was measured while conducting egg counts with the Peeper device.
Once a count of the eggs was made, the camera head was placed within 1 em of the
nearest egg and the probe was marked at the top of the burrow entrance .. After pulling the
probe back out of the burrow, a measurement was taken. Any nest located beyond the
length of the probe was arbitrarily assigned a length of 3.5 m for data analysis. The
length was determined on the first successful probing attempt in which at least 1 egg was
identified. Nests located in burrows too difficult to probe were left out of analyses.
The distance from a nest location to the edge of the prairie dog colony was
measured with a Rolotape measuring wheel to the nearest meter. Both nearest neighbor
distance and the number of nests within 250 m of a particular nest were determined using
the GIS. Nearest neighbor distance was defined as the next closest nest site, even if that
nest was located in a different prairie dog colony. If an unsampled prairie dog colony
was located next to a sampled colony that had only one nest in it, then the nest was
excluded from the nearest neighbor anal ysis because of the possibility that owls were
nesting in the unsampled colony. Additionally, nests were excluded if nearest neighbor
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distances within the colony were larger than distances to the nearest unsampled colony.
Colony Level Factors
Colony size was determined from the GIS. Those colonies that were noticeably
different in size and shape from the GIS data were assigned an estimated size in ha.
Mean clutch, brood, and fledge size/nesting attempt were determined for each colony.
Also, mean nest level variables (arrival date, clutch initiation date, burrow length,
distance to edge, number of nests within 250 m of a nest, and nearest neighbor distance)
were calculated for each colony. Owl density (breeding pairsiha) and number of nests
per colony were determined. Productivity was defined as the total number of nestlings
fledged from each colony.
Twenty-six of the 63 prairie dog colonies ranging in size from 4.8 to 281.3 ha
were sampled for prairie dog related factors following protocol developed by Biggens et
al. (1993). This was the maximum number of colonies that I could realistically measure
because of their large size and the need to continue monitoring breeding pairs at the same
time (e.g., two of the largest colonies measured for prairie dog factors had a combined 38
km of ttansects). Five factors were determined for each COlony: active burrowsiha,

inactive burrowsiha, total burrowsiha, % active burrows, and prairie dog densityiha.
Sampling was conducted from 7 - 29 June 1999 and from 27 May -19 June 2000.
I calculated the number of 3 x 1000 m strip transects needed to sample 5% of each
colony for the various prairie dog factors. A modified Rolotape measuring wheel was
used to run the transects. The measuring wheel had a lightweight 3-m pole affixed
perpendicular to it with a weighted string attached to each end of the pole. The weighted
string hung to the ground to facilitate the decision whether or not to include borderline
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burrows; a burrow was included if more than half of its opening was within the transect
belt. Each transect was separated by 60 m. A burrow was considered active if fresh
prairie dog scat was within 0.5 m of the burrowing opening. According to Biggens et al.
(1993), fresh scat is any dropping not dried hard and bleached white. Prairie dog
densitieslha were then calculated by using the standard formula (0.179 x active burrows /
ha / 0.566) (Biggens et al. 1993). All burrows that had been dug out ~y badgers (Taxidea

taxus) were considered active since they are usually reoccupied immediately after the
badger abandons the burrow (D. Sargent, personal communication). Percent active
burrows were determined simply by dividing the total number of active burrows by total
burrows (Hughes 1993).

Data Analysis
I used simple linear regression and stepwise multiple regression (pROe REG,
SAS Institute Inc. 1999) to analyze the relation between the reproductive performance
variables (i.e., clutch size, brood size, and number of young fledged) and the independent
variables at the nest and colony levels (Tables 1 and 2). Additionally, relationships
between clutch size and brood size, and both clutch and brood size and number of young
fledged, were investigated. The multiple regression analysis at the colony scale included
only those colonies that had at least one nesting attempt and were measured for prairie
dog factors. The colony level variables as well as productivity(i.e., total number of
young fledged/colony) were also regressed against colony size. All categOrical data
(Table 3) were analyzed using independent t-tests (pROe TIEST, SAS Institute Inc.
1999). Variables investigated in the categorical analyses included arrival date, clutch
initiation date, burrow length, distance to edge, number of nests within 250 m of a nest,
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and nearest neighbor distance as well as clutch size, brood size, and number of young
fledged. The only categorical data analyzed at the colony scale was prairie dog
management strategy (restricted "no prairie dog shooting" vs. unrestricted "prairie dog
shooting allowed").
All variables were tested for normality (pROC UNIVARIA1E, SAS Institute
Inc. 1999) and transformed to either LOG(y + 1) or LOG(y + 1/6) (for those variables in
which the mean was very small, i.e., between 0 and 1; Mosteller and Tukey 1977).
Variables were then tested for collinearity (PROC CORR, SAS Institute Inc. 1999); two
variables were considered correlated if the Pearson's Correlation Coefficient was <:0.7.
A significant relationship existed if P :s 0.05 for simple linear regression, multiple
regression, and t-tests. For the stepwise multiple regression analysis, correlated variables
were run separately and the one producing the largestR2 value was selected for the fmal
model. An entry P-value of 0.15 was used for selecting significant variables to be
retained in the model. Data were analyzed separately for each year because of the
differences in weather and prairie dog activity.

RESULTS
Nest Level
A total of 129 pairs in 43 colonies in 1999 and 143 pairs in 45 colonies in 2000
were located and monitored through the breeding season. The mean pair arrival date in
2000 was 29 April (range: 11 April- 10 June); however, pair arrival sharply decreased
after 7 May (Figure 3). The mean nearest neighbor distances were 296.3 m (range: 25.0
- 1,773.0 m) and 266.7 m (range: 21.0 - 997.0 m) in 1999 and 2000, respectively. The
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mean number of nests within 250 m of a nest wa~ 1.2 (range: 0 - 5) in 1999 and 0.9
(range: 0 - 3) in 2000. The mean distance to edge was 74.4 m (range: 5.0 - 347.0 m) in
1999 and 82.2 m (range: 1.0 - 500.0 m) in 2000. The 129 breeding pairs had 131 nesting
attempts in 1999; 94 (73%) of these pairs were successful. In 2000, 113 out of 143 pairs
(79%) successfull y raised at least one nestling to fledging age. Reproductive
performance, measured by clutch size, brood Size, and number of young fledged/nest,
was determined for all nesting attempts and for successful nests (Table 4). The mean
reproductive performance for both years combined was 7.2, 3.0, and 2.6 for clutch size,
brood size, and number fledged respectively for all nests, and 7.3, 4.0, and 3.5 for clutch
size, brood size, and number fledged respectively for successful nests only.

Categorical Data. - In 1999, burrow selection was more evenly distributed than
in 2000 with owls nesting in 70 mounded burrows compared to 61 unmounded burrows.
Owls selected more mounded burrows (n = 106) than unmounded burrows (n = 38) as
nest sites in 2000; however, there were no significant relationships concerning any of the
variables examined. The difference in burrow use between the two years was significant

(x2 = 12.12, P < 0.001). In 1999, nests in unmounded burrows were located closer to the
prairie dog colony edge (
= 82.9 m

±

X ± SE = 64.7 m ± 0.12 m) than mounded burrows ( X

± SE

0.12 m) (t129 = 1.99, P = 0.049).

Owls that selected nest burrows used the previous year fledged more young (n =
17,

X ± SE = 3.8 ± 0.43) than those using new burrows (n =127, X ± SE =2.8 ± 0.18)

(t141

=-1.96, P =0.051).

initiation dates (

(X

X

±

Also, owls that re-used old nest burrows had earlier clutch

SE = 36.0 ± 0.02) compared to those using new burrows

± SE = 39.0 ± 0.02) (t112 = 1.80, P

=0.006).
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In 2000, successful pairs had earlier clutch initiation dates (

0.01) than unsuccessful pairs ( X

±

X

±

SE = 38.0 ±

SE" 41.0 ± 0.03) (t1ll = 2.63, P = 0.019).

Successful pairs also had greater nearest neighbor distances ( X
m) compared to unsuccessful pairs ( X

±

SE = 135.0 m

±

±

SE = 251.1 m

0.13 m) (t139 = -2.5, P =

0.014). Finally, successful pairs had fewer nests within 250 m of their nest ( X
0.8 ± 0.10) than unsuccessful pairs (

X

±

0.08

±

±

SE =

SE" 1.3 ± 0.18) (tl4l = 2.19, P = 0.03). No

variables were significant for nest fate in 1999. Unsuccessful nests were primarily the
result of abandonment, flooding, and depredation. Identifying the cause of each nesting
failure was impossible since prairie dogs typically re-occupy the burrow immediately
following pair dispersal, and destroy possible evidence.
While obtaining clutch counts with the Peeper device, sometimes a single egg
would be displaced away from the clutch and was obviously not being incubated.

.

Although this was rare, nests (n = 6) were analyzed in 2000 for possible relationships .
Pairs that arrived later on the breeding grounds (

X

±

SE = 33.0 ± 0.04) were more

likely to have an egg displaced than early arriving pairs ( X ± SE = 28.0 ± 0.04) (t17.9 =
-3.86, P = 0.001). Also, owls in longer burrows (

X

±

SE = 2.6 m ± 0.20 m) were more

likely to have displaced eggs than those in shorter ones ( X ± SE = 2.1 m ± 0.05 Jli.) (t118
= -2.02, P = 0.046).
Females usually displayed non-aggressive behavior when confronted with the
Peeper device (55 non-aggressive and 28 aggressive responses in 1999; 63 nonaggressive and 27 aggressive responses in 2000). There was no significant difference
between years. Shorter burrow lengths (P = 0.002), and larger clutches (P = 0.051) were
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the variables. associated with aggressive females in 1999 (Table 5). In 2000, aggressive
females had shorter burrow lengths (P = 0.022) and larger broods (P = 0.027) (Table 5).

Clutch Size. - In 1999, female burrowing owls started laying eggs around 15 May
(range: 28 April-16 June) with a mean burrow length of 2.3 m (range: 1.1- 3.5 m). In
2000, mean clutch initiation was on 9 May (range: 1 May -17 June) with a burrow
length of 2.2 m (range: 0.8 - 3.5 m). Burrowing owls with larger clutches had earlier
clutch initiation dates in 1999 (P = 0.003) and 2000 (P < 0.001) (Table 1). Additionally,
in 2000 owls with larger clutches arrived earlier (P < 0.001) (Table 1); however, this was
probably attributed to the correlation between arrival date and clutch initiation date in
2000 (pearson's Correlation Coefficient = 0.685, P < 0.001). The only other independent
variables correlated with each other at the nest level were nearest neighbor distance and
the number of nests within 250 m of a nest, which were negatively correlated for both
years (pearson's Correlation Coefficient = -0.857 [1999], and -0.74 [2000]). Multiple
regression analyses revealed clutch size was negatively related to clutch initiation date in
1999 (Table 6). In 2000, clutch initiation date and the number of nests within 250 m of a
nest were retained in the model, both negatively related to clutch size (Table 6).

Brood Size. - For both years, brood size was negatively related to clutch initiation
date (P = 0.041 [1999], and 0.007 [2000]) and positively related to clutch size (P = 0.002
[1999], and 0.025 [2000]) (Table 1). In 2000, nearest neighbor distance was positively
related to brood size (P = 0.024); the number of nests within 250 m of a nest was
negatively related to brood size (P = 0.034) (Table 1). In 1999, only clutch initiation date
was retained in the multiple regression model, again with a negative coefficient (Table 6).
In 2000, brood size was negatively related to clutch initiation date and positively
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related to nearest neighbor distance (Table 6).

Number Fledged. - The only significant variables in both years were clutch size
(P = 0.01 [1999], and 0.011 [2000]) and brood size (P < 0.001 [1999], and <0.001

[2000]), which were positively related to number fledged (Table 1). In 2000, clutch
initiation date (P =0.004) and the number of nests within 250 m of a nest (P

=0.003)

were negatively related, while nearest neighbor distance (P =0.005) was positively
related to number of young fledged (Table 1). No variables were retained in the multiple
regression model for 1999. The model for 2000 was similar to that obtained for brood
size (Table 6).

Colony Level
Data were anal yzed 001 y for those prairie dog colonies that had at least one
nesting attempt. Of the 63 prairie dog colonies surveyed, 5 were >100 ha, 3 were
between 50 - 100 ha, 25 between 10 - 50 ha, and 30 colonies were between 1 - 10 ha in
1999. Size distributions in 2000 were similar except 2 colonies expanded out of the 110 ha range into the 10 -50 ha range. In 1999,43 prairie dog colonies (

X = 47.31 ha,

range: 2.57 - 451.95 ha) were selected as nesting areas by burrowing owls; in 2000, 45
colonies (

X =52.76 ha, range: 1.47 -700 ha) were chosen as nest site colonies.

Most of

the colonies not selected for nesting were <10 ha in size (Figure 4). Of the 43 colonies
chosen as nest sites in 1999, 86% were selected again in 2000. Independent variables
correlated at the colony scale are outlined in Table 7.
Burrowing owls nested in 19 prairie dog colonies in 1999 and 18 colonies in 2000
that were measured for prairie dog activity (Tables 8 and 9). Pair density, measured as
breeding pairs/ha/prairie dog COlony, was similar between years with a mean of 0.16 in
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1999 and 0.15 in 2000.
Six of the 8 prairie dog colonies located in the unrestricted management area
(prairie dog shooting allowed) had owls nest in them. In 1999, these colonies were
smaller on average ( X = 6.6 ha) than the prairie dog colonies with owls in the restricted
area (

X = 53.9 ha).

In 2000, 5 of the 8 prairie dog colonies located in the unrestricted

area were selected as nest sites, with similar differences in size. In 1999, Active
burrows/ha, % active burrows, and prairie dog density/ha were greater on restricted
colonies (no prairie dog shooting allowed) (Table 10). Nests were also farther from the
edge of the prairie dog colony in restricted colonies (Table 10). There were no
differences in reproductive performance in 1999 between these colonies; however, in
2000, larger clutches were located on restricted colonies ( X
compared to unrestricted colonies (

X :t:

:!:

SE = 7.22 :!: 0.19)

SE =5.73 :!: 0.55) (t39 =2.72, P

=0.01).

Mean Clutch Size. -In 2000, mean arrival (P < 0.001) and clutch initiation dates
(P < 0.001) were negatively related to mean clutch size, while mean nearest neighbor
distance (? = 0.035) was positivel y related to mean clutch size at the colony scale (Table
2). In 1999, only pair density/colony was retained in the mUltiple regression model and
was negatively related to clutch size (Table 6). In 2000, mean clutch initiation date,
which was negatively related, and mean nearest neighbor distance, which was positively
related, explained 70% of the variation in mean clutch size (Table 6).
Mean Brood Size. - The only significant variable affecting mean brood size at
the colony level in 1999 was mean clutch size (P = 0.051), which was positively related
(Table 2). In 2000, mean nearest neighbor distance (P = 0.024) and mean clutch size (P
= 0.052) were positively related, while the mean number of nests within 250 m of a nest
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(P = 0.035) was negatively related to mean brood size (Table 2). No variables were
retained in the multiple regression model for 1999. In 2000, only ·the mean number of
nests within 250 m of a nest was retained, and showed a negative relationship (Table 6).

Mean Number Fledged. - Total burrowslha (P = 0.036) and mean brood size (P <
0.001) were both positively related to mean number fledged in 1999 (Table 2). In 2000,
mean nearest neighbor distance (P = 0.017), mean clutch size (P = 0.002), and mean
brood size (P < 0.001) were positively related, while mean clutch initiation date (P =
0.027) and mean number of nests within 250 m of a nest (P = 0.02) were negatively
related to mean number of young fledged (Table 2). Colony size was retained in the
multiple regression model for 1999 and had a positive coefficient (Table 6). In 2000,
mean nearest neighbor distance (positive coefficient) and mean clutch initiation date
(negative coefficient) explained 55% of the variation in mean number of young fledged
(Table 6).

Colony Size. - Colony level variables as well as productivity were each regressed
against prairie dog colony size. In 1999, the number of nests/colony (,.1 = 0.50, P <
0.001), active burrowslha (,.1

=0.21, P =0.052), prairie dog densitylha (,.1 ,;, 0.21, P =

0.052), mean distance of nests to edge (,2 = 0.44, P < 0.001), and total number of young
fledged/colony (,2 = 0.35, P < 0.001) were all positively related to colony size. Pair
density/colony (,.1 = 0.48, P < 0.001) was negatively related. In 2000, the number of
nests/colony (,2

=0.58, P < 0.001), mean distance of nests to edge (,.1 =0.35, P < 0.001),

and total number of young fledged/colony (,.1 = 0.44, P < 0.001) were positively related
to colony size, while pair density/colony (,.1 = 0.53, P < 0.001) was negatively related.
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DISCUSSION
Nest Level

Re-nestAttempts. - In 1999, there were two re-nest attempts, with one pair
successfully fledging young. Both Original nests were flooded after continuous days of
heavy rain. Of the two re-nest attempts, one pair successfully re-nested approximately 15
m from their original burrow, and the other pair unsuccessfully re-nested in the exact
same burrow that had flooded. If food resources are adequate, it is probably better to
quickly re-nest in the same area than to relocate to an unfamiliar territory that mayor
may not have adequate resources. Burrowing owl pairs that abandoned their nests
(approximately 30 for both years combined) never re-nested and usually stayed around
the old nest site for about a week before disappearing.

Burrow Type. - Burrow type (mounded vs. unmounded) did not appear to be a
significant factor in burrowing owl reproductive success, even though birds utilized more
mounded burrows in 2000. These results differ slightly from research conducted in
Colorado where 57% of the nest sites were characterized as unmounded (Toombs 1997).

In 1999, unmounded nest burrows were located closer to the colony edge than mounded
burrows. Other research suggests that prairie dogs do not use unmounded burrows for
sleeping or rearing young and that unmounded burrows are more common on t\le colony
edge (Hoogland 1995). Mounded burrows are usually characterized as having little or no
vegetation and are slightly higher in elevation than the natural topography, thus,
facilitating predator and prey detection. Burrowing owls typically choose nest sites with
more nearby bareground and shorter vegetation structure than randomly located burrows
(MacCracken et al.1985b, Green and Anthony 1989).
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Burrow Re-use. - Pairs that selected burrows used the previous year fledged
more young than those using new burrows. All but one of the re-used burrows
successfuil y fledged at least one nestling in 2000, which equates to a success rate of 94%,
weli above the 79% sUccess rate for all pairs that year. The nest burrows that were reused in :2000 were all successful in fledging young in 1999, which may explain why they
were re-used. Burrowing owls do not mate for life, and may not even stay paired
between years (Martin 1973). In New Mexico, banded pairs (n =9) that mated the
previous year were not paired the following year (Martin 1973). Pezzolesi (1994) found
a significant difference in the return rates for successful nesters (84%) compared to
unsuccessful nesters (16%) in Colorado. She also noted that the male return rate was
almost 3 times greater than the female return rate. Re-use of nest burrows from year to
year typicaliy occurs by a different pair of owls, indicating that the burrow and
surrounding habitat contain desired qualities that-influence owl occupancy (plumpton
1992). However, Martin (1973) reported that all returning males on his study site
selected the same burrow used the previous year, unless it was destroyed, in which case
they nested nearby. Burrowing owls initiating clutches early in the breeding cycle were
more likely to be using burrows from the previous year. Burrowing owls that arrive early
on the breeding grounds can secure these prime habitats and start clutch initiation
immediately.

In 1999, 94 nestlings were color banded (see chapter 3 for details), and 3 were
observed on the study site in 2000. Although the 3% return rate for juveniles is
comparable to other studies conducted on prairie dog colonies (5%, Plumpton 1992; 4%,
Pezzolesi 1994), it is likely that a greater percentage of juveniles returned because of the
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large number of unsampled prairie dog colonies located in the area. One of the three
returning owls was a female; however, the original colony for this individual could not be
confirmed. The other 2 owls were both banded in the same prairie dog colony in 1999,
but at different nest sites. One of the birds, a male, nested in an adjacent prairie dog
colony 1.9 km NW of the burrow it was hatched from. The other owl, a female, nested
17.4 km SW of the burrow it was hatched from. All 3 juvenile owls successfully nested
in 2000 and actually fledged more young (

X = 5.7, range: 5-7) than the average number

fledged/successful nest attempt in 2000.

Nesting Success. - Success rates of 73% (1999) and 79% (2000) were comparable
or greater than those recorded in past research conducted on prairie dog colonies.
Plumpton (1992) reported a success rate of 85% for owls in Colorado, and Butts (1973)
had a 79% success rate in Oklahoma. In western Nebraska, Ekstein (1999) had a mean
success rate of 58%, and Desmond and Savidge (2000) reported a mean success rate of
48% over a 5-year period with a high of 73% in 1989 to a low of 27% in 1993. In
addition to the poor success rate, Desmond and Savidge (2000) also observed a 63%
decline in the bUrrowing owl population over their 5-year study. The low success rate
and population decline was mainly attributed to reductions in available prairie dog habitat
due to poisoning.
Successful pairs in 2000 initiated clutches earlier. Pairs that arrived earlier were
able to secure the best nesting territories and start initiating clutches sooner. This may
not have been a factor in 1999 because of the extremely wet conditions early in the
breeding cycle.

In 2000, successful nests had greater nearest neighbor distances and lower
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numbers of nests within 250 m than unsuccessful pairs. A5 nearest neighbor distances
decrease and the number of nests within 250 m increase, the amount of direct competition
between pairs for food resources increases. Green and Anthony (1989) reported that
nests located within 110 m of each other led to at least one of the nests being abandoned
in Oregon. Nearest neighbor distances and the number of nests within 250 m of a nest
may not have been a factor in 1999 because of the large number of flooded nests
(approximately 7-10 nests) in the early part of the breeding cycle. For example, if 2 nests

.

.

were located relatively close to each other and one of the nests was flooded prior to either
one of them hatching, then competition between the two for food resources to feed young
would probably not be a factor, and neither brood or fledge sizes would be affected.
However, distinguishing whether a nest was flooded or simply abandoned was usually
difficult to discern because of prairie dogs destroying evidence. Thus, nearest neighbor
distances were analyzed throughout the breeding season no matter when a nest was lost
because of the possibility that one of the nests was abandoned because one pair could not
compete with another nearby pair for food resources.
The main reason for nesting failures was abandonment. In 1999, flooding was
also a problem following long periods of heavy rain. Desmond and Savidge (2000) also
reported flooding as a major contributor to nesting failures during one wet year of their
study. Juvenile weight loss and mortality were noticed during long periods of rainfall in
Canada (Wellicome 2000). Reasons for nesting failures were sometimes difficult to
identify since prairie dogs tend to immediately re-occupy the burrow after the owls leave.Usually the prairie dogs would dig-out the burrow, removing all nesting material (i.e.,
shredded dung) and eggs. In most cases, the eggs would be within 0.5 m of the burrow
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entrance. When checked with the Peeper, a typical abandoned nest had all the eggs
near the original nest location within the burrow. Sometimes the eggs would be lined-up
linearly in the burrow tunnel, probably the early stages of egg removal by prairie dogs. A
flooded nest usually consisted of the eggs scattered about the nest site within the burrow
and covered in mud. On some occasions, muddy eggs were located away from the nest in
the burrow tunnel, as if the female was trying to physically move the eggs out of the
water-soaked nest site. Fresh prairie dog scat on or near the burrow entrance generally
indicated a nest failure.
Badger (Taxidea taxus) predation was a major contributor to nesting failures in
western Nebraska (Ekstein 1999, Desmond and Savidge 2000). I only lost 1 nest in 1999
and 3 nests in 2000 to badger predation. Badger predation was probably less of a factor
in my study for several reasons. First, there were more prairie dogs and more prairie dog
colonies located throughout the Grassland. Greater numbers of prairie dogs should
decrease the chances of a badger selecting a burrowing owl nest site as opposed to a
prairie dog burrow. Also, burrowing owls may be cueing in on prairie dog alarm calls
when a predator approaches. Secondly, most of the study sites were located in the
shooting-restricted area. Prairie dogs located in the shooting-restricted colonies are
considerably less skittish than those exposed to shooting. This may subsequently lead to
better hunting success for badgers, which would probably prefer a 1 kg prairie dog to a
180 g adult burrowing owl. Although not quantified, I noticed an increase in golden
eagles (Aquila chrysaetos), ferruginous hawks (f3uteo regalis), and Swainson's hawks
(Buteo swaisoni) in the second year of this study. These raptors may be benefiting from

the shooting restrictions. Prairie dogs that are not as alert may provide easy kills for
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raptors. Last! y, the landscape was not fragmented, which corresponded to less edge
habitat. Several studies have indicated predation may be greater in edge habitat (paton
1994, Warner 1994, Donovan et al. 1997).
Predation on burrowing owl nests by black-footed ferrets has not been previously
recorded. I had 4 nests in 1999 and one nest in 2000 depredated by ferrets. In 1999, the
burrow usually was dug-out, but not to the extent done by badgers. The female owl
would typically be lying within 2 m of the burrow, partly eaten with a bite mark in the
back of the skull. The eggs were also removed, but only a few normally eaten. In 2000,
the nest was completely buried with soil. When a ferret enters a burrow, prairie dogs will
on occasion fill the burrow with soil from the outside, basically burying the ferret.
Eventually the ferret digs its way back out. Thus, prairie dogs may have buried a ferret in
the owl nest. Alternatively, prairie dogs may have buried the owl nest, which is highly
unlikely since the male burrowing owl is always perched near the nest site and if
antagonized or approached by prairie dogs, will attack. Also, prairie dogs re-use
burrowing owl nest burrows once they become abandoned, thus, it would seem
counterproductive for a prairie dog to plug a nest burrow.
One depredation event appeared to be due to a rattlesnake (Crotalus viridis). I
was about to "peep" a particular burrow and noticed a fresh tiger salamander (Ambystoma

tigrinum) and deer mouse (Peromyscus maniculatus) lying on the burrow. In addition,
there was a rattlesnake coiled-up and rattling within 0.5 m of the nest burrow. I waited 4
days to re-check the burrow and at that time noticed a dried-up salamander near the
burrow. On "peeping" the burrow, a dead female was viewed sitting on the eggs. Either
the snake went down the burrow or the female confronted it when coming out to pick-
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up the food the male had dropped-off.

Female Behavior. - Females generally exhibited a non-aggressive type of
behavior when confronted with the Peeper device. However, owls with nests closer to
the entrance were more likely to be aggressive. These females may feel more threatened
in general and rely on aggressiveness as a defense mechanism. On rare occasions female
owls jumped off the eggs and buried them with their legs within a few seconds. They
usuall y tried to run deeper into the burrow if they could. If there was no exit, they would
run as far back as possible and hide their head in a dug-out portion of the burrow. Later
"peeps" of these same nests showed that the eggs were always unburied and in a typical
circular pattern for incubation.

Clutch Size. - When determining clutch sizes with the Peeper device, the entire
tunnel would typically be lined with shredded cow dung, along with the eggs. It has been
hypothesized that burrowing owls line their nest burrows with shredded dung as a way to
mask their scent and reduce predation pressure (Martin 1973). Owls nesting in unlined
burrows in Oregon had higher badger predation rates than those nesting in lined burrows
(Green and Anthony 1989). However, shredded dung also plays a role in soaking-up
water after a major rain event. Whenever the Peeper device was used after a rainstorm,
burrowing owl nests lined with dung were damp, but not wet. Using the Peeper on
prairie dog burrows that have no lining often resulted in having to quit after only a few
seconds because the mud built-up on the camera head, and on some occasions I actually
hit puddles of water.
Clutch initiation date was the main factor affecting clutch size for both years, with
early laying females producing larger clutches. This probably has more to do with the
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physical condition the female is in upon arriving on the breeding grounds than any
other factor. Research done on a variety of arctic nesting geese and temperate nesting
ducks suggests that storage of nutrients is essential for egg laying and subsequent
'incubation (Ankeney and MacInnes 1978, Raveling 1979, Wypkema and Ankeney 1979,
Drobney 1980, Krapu 1981, Ankeney and Afton 1988). Wellicome (2000) tested the
variability in egg production of burrowing owls through supplemental feeding. Neither
clutch size nor mean egg volume was affected by supplemental feeding, indicating food
was not limited during pre-laying and laying periods in Canada. What did appear to
influence clutch size was female arrival date and their subsequent clutch initiation date
(WeUicome 2000). Females in good condition can migrate sooner, arrive on the breeding
grounds earlier, and initiate clutches quickly compared to females in average or below
average condition. Additionally, females in good condition have more nutrient reserves
and can produce more eggs. In 2000, the number of nests within 250 m of a nest was
also retained in the multiple regression model along with clutch initiation date. However,
it is unclear why increased densities would negatively influence clutch sizes.
Although rare, some nests had displaced eggs. Late arriving females were more
likely to have an egg displaced from the clutch than early arriving females. Since late
arriving females were less successful, it may be possible that females were selectively
reducing clutch sizes to the level of food resources in the area. However, this seems
unlikely for two reasons: (1) burrowing owl eggs hatch asynchronously, and the female
can simply quit incubating the rest of the eggs if she feels there are limited resources, and
(2) some of the displaced eggs were noticed during the egg laying process; in each case,
more eggs were added to the clutch for incubation. Another explanation is that female
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burrowing owls parasitize other nests with their own eggs. Johnson (1997) used DNA
fingerprinting to characterize reproductive patterns in burrowing owls in California.
Twenty percent of the observational inferences were wrong and could be attributed to
extra-pair fertilizations, joint nesting, brood mixing, and possibly intraspecific nest
parasitism. The nest site female may have caught the parasitic female in the act of laying
the egg and removed the egg from the clutch, or the parasitic female simply dropped the
egg when startled. The final and most probable explanation is that female burrowing
owls can identify "bad" eggs. In 2000, one nest site had an egg lying on top of the
burrow. After close examination, I could see a hairline crack with a small amount of
dried fluid that had seeped out. Additionally, there were downy feathers stuck to the egg
where the dried fluid was.

Brood Size. - Results were similar to those recorded for clutch size relationships.
Pairs with early clutch initiation dates had larger brood sizes than those initiating later in
the breeding cycle. In 2000, those pairs having greater nearest neighbor distances had
larger broods than those with relatively close nearest neighbors. In addition, the number
of nests within 250 m of a nest was negatively related to brood size when analyzed with
simple linear regression. Nest spacing was not a factor in 1999, which may have to do
with the number of nests flooded-out from extremely wet weather. It appears that direct
competition between nesting pairs for scarce food resources will result in lower brood
sizes and higher mortality. Wellicome (1997) determined that food intake was more
limited during brood rearing than egg laying, and that the reproductive output for
burrowing owls was dependent on food resources.

Number Fledged. - Number fledged and brood sizes were highly correlated for

50
both years (Pearson's Correlation Coefficient = 0.815 [1999] and 0.9 [2000], P <
0.001). In 2000, the multiple regression model included clutch initiation date and nearest
neighbor distance. In addition, the number of ne.sts within 250 m of a nest was
significant when analyzed with simple linear regression. No variables were significant in
1999. Wellicome's (1997) study showed that supplementally fed pairs fledged on
average 1.1 (17.3%) more young than unsupplemented pairs and had fewer incidences
of cannibalism than unsupplemented pairs.
These results are in contrast to studies conducted in westem Nebraska. Desmond
and Savidge (2000) found that burrowing owl fledging success was actually higher for
nests with nearest neighbor distances <100 m compared to those with neighbors >175 m
during 2 years of their 5-year study. Additionally, and for the same 2 years, nests with
>0.5 owls!ha within a 250-m radius fledged more young than those with lower densities.
They attributed this to the possibility that burrowing owls nesting close together can alert
each other to predators. Their prairie dog colonies were generally much smaller and
more isolated than those found on my study site. Additionally, their colonies experienced
prairie dog poisoning and shooting. Due to the isolation and size, owls may be better off
nesting close together, especially if prairie dog densities are low and owls actually benefit
from predator detection from other nearby pairs. Buffalo Gap National Grassland
contains numerous prairie dog colonies, some extremely large. On my study site, prairie
dog densities appeared to be good and even increasing. Owls are probably cueing in on
prairie dog alarm calls for predator detection and do not need to nest close to other pairs.
Also, there are many more prairie dog colonies on Buffalo Gap, which means more
available habitat to nest in and less pressure to select a nest site near another pair.

51
Burrow length and nest distance to colony edge were not important for any of
the reproductive performance variables (i.e., clutch size, brood size, and number fledged).
Ekstein (1999) found that nest success had a negative relationship with distance to the
edge of the prairie dog colony although the reason is unclear. She did mention that some
of her prairie dog colonies were adjacent to agriculture fields, roads, and wooded habitat,
which may be influencing nesting success if certain predators concentrate in these areas.
On a large scale, owls at Buffalo Gap tended to nest near the edge of the prairie dog
colony. However, there were no apparent advantages in nesting closer or farther from the
edge. Unlike most past research, all adjacent habitat was shortgrass prairie, minimizing
edge effects on nesting success.

Colony Level
Prairie Dog Management. - Shooting restrictions on select areas within Buffalo

Gap National Grassland were implemented in late summer of 1998. Thus, nearly a full
year of restrictions was in place by the time this study was initiated in 1999. Prior to the
restrictions, most shooting took place on the large prairie dog colonies located in the
Conata Basin (D. Sargent, personal communication). The combination of shooting
restrictions and a rather dry winter may have led to a slight increase in prairie dog
numbers and activity in 2000 (Tables 8 and 9). Active burrows/ha, % active burrows,
and prairie dog density/ha were all higher on restricted prairie dog colonies when
compared with umestricted colonies in 1999. However, no differences in prairie dog
related variables were recorded between management sites in 2000. Since most of the
remaining colonies in the "umestricted" zone were small and isolated, shooting pressure
was light in 1999 and 2000. Some of the colonies in the umestricted zone expanded
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quite dramatically between years.
The distance from nests to colony edge was greater in restricted colonies in 1999.
Restricted colonies were larger than unrestricted colonies. Additionally, since prairie dog
activity was significantly lower on .unrestricted colonies, burrowing owls may have been
selecting parts of the colonies supporting the highest numbers of prairie dogs. Prairie dog
densities have been recorded in greater quantities near the colony edge compared to the
interior (Koford 1958), and Desmond and Savidge (2000) found burrowing owls fledged
more young in areas characterized with greater prairie dog activity. In 2000, larger
clutches were located in the restricted colonies. After 2 years of shooting restrictions,
successful pairs could be targeting these prairie dog colonies, and unsuccessful pairs that
nested in the unrestricted zone could be choosing to nest the following year in the
restricted colonies.
Mean Clutch Size. - Colony level factors appeared to be a direct extension of nest
level variables for clutch size. In 2000, mean clutch initiation date was negatively related
and mean nearest neighbor distance positively related to clutch size in the multiple
regression model. Thus, those colonies that had early arriving pairs and enough good
habitat to allow greater spacing of nests, produced on average, greater clutch sizes than
colonies without these characteristics.

In 1999, only pair density was retained in the model and had a negative
relationship with mean clutch size. Thus, even though 1999 was a wet year and
experienced a large number of flooded nests, the less dense a colony was, the larger the
mean clutch size for that colony.
Mean Brood Size. - The mean number of nests within 250 m of a nest was
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negatively related to mean brood size in 2000. This is probably the result of
competition between pairs for food resources. The difference in variables between 1999
and 2000 at the colony scale may reflect weather differences between years.

Mean Number Fledged. - The multiple regression model in 2000 was similar to
the nest level model for that year, with mean clutch initiation date negatively related and
mean nearest neighbor distance positively related to mean number of young fledged.
Again, competition between pairs may have been the main contributor to how many
young survived until fledging during a normal year.

In 1999, prairie dog colony size was positively related to the number of young
fledged/colony. Larger colonies had lower pair densities, which probably resulted in less
competition. Also, during times of abnormally wet weather and possibly food Shortages,
large prairie dog colonies may provide burrowing owls with greater hunting success.
Since prairie dog colonies typically have a shorter vegetation structure compared to the
surrounding area, burrowing owls in large colonies have more available habitat to hunt in
characterized by short vegetation and good visibility. Taller vegetation reduces visibility
and may decrease hunting success, which decreases the amount of food being brought
back to the nest site.

Colony Size. - For both years, the number of nests/colony and mean distance to
edge were positively related to colony size while pair density was negatively related. In
1999, active burrows!ha and prairie dog density!ha were also positively related to prairie
dog colony size. However, neither mean nearest neighbor distance nor the mean number
of nests within 250 m of a nest were related to colony size. Thus, there appears to be
desirable portions within a large prairie dog colony that owls choose to nest in, rather
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than to randomly locate nests throughout the colony. This is consistent with clumping
of nests seen in Nebraska (Desmond et al. 1995).
Productivity (total number of young fledged per colony) was positively related
to prairie dog colony size for both years. Thus, more pairs nest in large colonies, which
results directly in more total young being fledged.

CONCLUSION
Burrowing owl reproductive performance (i.e., clutch size, brood size, and
number fledged) was affected by the same factors at the nest and colony level during the
second year of this study. However, multiple regression models at the prairie dog colony
scale explained more variation (34-70%) in clutch size, brood size, and number fledged
than those at the nest level (7-33%). At the nest level, those pairs that arrived early,
initiated clutches sooner, and nested at greater distances from nearest neighbors were
more successful. These pairs had larger clutches, broods, and fledged more young. This
may be a function. of wintering ground habitat. Pairs located in good habitat are probably
in better physical condition and can migrate earlier than pairs in marginal or poor habitat
that have to stay longer to obtain enough nutrients for migration. At the prairie dog
colony scale, those colonies that had enough desirable habitat to allow for greater mean
spacing of nests, resulted in early arriving pairs selecting these colonies and having
greater reproductive success. The first year of this study, which was wetter than normal,
produced similar results at the colony scale between the three reproductive factors. The
key appears to be colony size; larger prairie dog colonies fledged more young than small
colonies. Also, lower pair densities, which were found in larger colonies had greater
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mean clutch sizes. It is possible that during times of food shortages, large colonies
provide more habitat and resources for burrowing owls to successfully fledge young.
When compared to studies done in western Nebraska (Ekstein 1999, Desmond and
Savidge 2000), which were under heavy poisoning and shooting pressure, burrowing
owls in Buffalo Gap National Grassland were more successful.

Shooting restrictions and management decisions undertaken by the U.S. Forest
Service for black-footed ferret recovery appear to have a beneficial effect on burrowing
owls. Owl populations on the National Grassland seem to be sustaining themselves; an
extensive banding effort might elucidate if this population is serving as a source for other
mid-west locations.
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Figure 1. Buffalo Gap National Grassland, South Dakota.
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Figure 2. Sampled prairie dog colonies within the Wall District of Buffalo Gap National Grassland. All research took place in the
Conata Basin and Scenic Basin area. Dark Blue = Sampled Colony, Yellow = Unsampled Colony.
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Figure 3. Distribution of burrowing owl pair arrival dates in Buffalo Gap National
Grassland, 2000. Day 10 = 10 April, mean arrival date = 29 April.
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Figure 4. The number of prairie dog colonies surveyed vs. the number of colonies
selected by burrowing owls for nesting in Buffalo Gap National Grassland according to
their size category, 1999 and 2000.
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Table 1. Coefficients and sample sizes (n) from simple linear regressions of burrowing owl reproductive performance (clutch size,
brood size, and number fledged) with independent variables at the burrowing owl nest scale in Buffalo Gap National Grassland,
1999 and 2000. Values in bold were used in the multiple regression analyses.
1999
Clutch

Variables Measured

Brood

2000
Fledge

Arrival Date

Brood

Fledge

····0.44 (98)

·0.06 (125)

·0.11 (125)

·0.16 (64)

····0.55 (98)

"·0.25 (113)

···0.27 (113)

0.05 (99)

·0.01 (104)

0.08 (122)

0.09 (122)

Burrow Length

0.11 (75)

'·0.26 (64)
0.06 (99)

Distance to Edge

0.00 (77)

0.07 (131)

0.21 (131)

0.00 (105)

0.07 (143)

0.09 (143)

Number of Nests w/250 m

·0.18 (77)
0.19 (73)

·0.05 (131)

·0.09 (131)

-0.16 (105)

··0.18 (143)

···0.25 (143)

0.12(127)

0.13 (131)

0.14 (103)

·0.19 (141)

··0.35 (77)

··0.29 (77)

"0.24 (141)
··0.25 (104)

Clutch Iniliation Date

Nearest Neighbor Distance

·'·0.40 (53)

Clutch

Clutch Size
Brood Size

···0.90 (131)

·0.22 (104)

···0.95 (143)

• P < 0.05, •• P < 0.01, ••• p < 0.001.
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Table 2. Coefficients and sample sizes (n) from simple linear regressions of burrowing owl mean reproductive
performance/colony (mean clutch size, mean brood size, and mean number fledged) with independent variables at the prairie dog
colony scale in Buffalo Gap National Grassland, 1999 and 2000. VHlucs in bold were used in the multiple regression analyses.
1999
Variables Measured"

Mean Clulch

Mean Brood

2000
Mean Fledge

Arrival Dale

Mean Clulch

Mean Brood

Mean Fledge

"'-0.56 (41)

-0.13 (44)

-0.24 (44)

-0.31 (35)

-0.32 (36)

-0.27 (36)

***-0.62 (40)

-0_20 (40)

*-0.35 (40)

Burrow Lenglh

0.00 (40)

-0.06 (42)

-0.06 (42)

-0.23 (40)

-0.10 (40)

0.00 (40)

Dislance 10 Edge

-0.20 (40)

-0.08 (43)

0.01 (43)

0.00 (41)

0.00 (44)

0.01 (44)

Number of Nesls w!250 m

-0.30 (40)

-0.04 (43)

-0.04 (43)

-0.24 (41)

*-0.32 (44)

'-0.35 (44)

Nearesl Neighbor Dislanee

0.13 (37)

0_00 (40)

0.00 (40)

*0.34 (39)

'0.35 (42)

*0.37 (42)

Colony Size

0.06 (40)

-0.02 (43)

0.15 (43)

0.08 (41)

-0.04 (44)

0.08 (44)

Number of Nesls/Colony

-0.06 (40)

0.00 (43)

0.08 (43)

0.07 (41)

-0.12(44)

-0.06 (44)

Aclive Burrows/H.

0.19(16)

0.22 (19)

0.41 (19)

0.32 (17)

0.04 (18)

0.09 (18)

Inaclive Burrows/Ha

-0.01 (16)

0.30 (19)

0.29 (19)

0.25 (17)

-0.23 (18)

-0.13 (18)

Tolal Burrows/Ha

0.19 (16)

0.33 (19)

*0.48 (19)

0.31 (17)

-0.03 (18)

0.03 (18)

% Prairie Dog AClivity

0.12(16)

-0.33 (19)

-0.23 (19)

-0.15 (17)

0.36 (18)

0.25 (18)

Prairie Dog Density/Ha

0.19(16)

0.22 (19)

0.41 (19)

0.32 (17)

0.04 (18)

0.09 (18)

-0.17 (40)

-0.01 (43)

-0.14 (43)

0.01 (41)

-0.02 (44)

-0.12 (44)

'0.31 (40)

-0.23 (40)

'0.31 (40)

"0.47 (40)

Clulch Inilialion Dale

p.ir Density/Colony
Clulch Size
Brood Size

• p < 0.05, •• P < 0.01, "'P < 0.001.

"'0.89 (43}

·"0.93 (44}

"Variables arc calculaled means excepl for number of nesls and pair density .

8:
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Table 3. Categorical variables used for comparing independent variables as well as
reproductive performance.

Categorical Variable

Comparison

Burrowing Owl Nest Scale
Female Behavior
Nest Fate
Burrow Type
Burrow Re-Use
Displaced Egg

Aggressive vs. Non-Aggressive Females
Successful vs. Unsuccessful Nests
Mounded vs. Unmounded Burrows
Re-Used Burrows vs. New Burrows (2000 Only)
Egg Displaced From Clutch vs. No Egg Displaced

Prairie Dog Colony Scale
Prairie Dog Management

Restricted (No Shooting) vs. Unrestricted (Shooting)
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Table 4. Mean reproductive performance for burrowing owls nesting in Buffalo
Gap National Grassland, 1999 and 2000.

n

2000
Mean

Ran!I.e

n

1999
Mean

All Nesting Attempts
Clutch Size
Brood Size
Number Fledged

77
131
131

7.21
2.76
2.34

3 -10
0-7
0-6

105
143
143

7.09
3.25
2.9

4 -10
0-8
0-7

Successful Nests Only
Clutch Size
Brood Size
Number Fled~ed

59
94
94

7.37
3.85
3.26

3 -10
1-7
1-6

83
113
113

7.24
4.12
3.66

4 -10
1-8
1-7

Ran!I.e
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Table 5. Significant variables associated with female burrowing owl nesting
behavior in Buffalo Gap National Grassland, 1999 and 2000.

Mean

SE

df

t

P

Arrival Date
Aggressive
Non-Aggressive

34
27

0.08
0.06

66

2.4

0.019

Burrow Length
Aggressive
Non-Aggressive

2.1
2.5

0.03
0.02

76

-3.23

0.002

Clutch Size
Aggressive
Non-Aggressive

7.8
6.9

0.26
0.26

55

2.0

0.051

Burrow Length
Aggressive
Non-Aggressive

2.0
2.3

0.10
0.07

86

-2.33

0.022

Brood Size
Aggressive
Non-Aggressive

4.0
3.0

0.35
0.28

88

2.25

0.027

1999

2000

Table 6. Stepwise multiple regression showing which variables were the best predictors of burrowing owl reproductive
performance at the nest a~d prairie dog colony scale in Buffalo Gap National Grassland, 1999 and 2000.
Year

1999

2000

Scale of Analysis

Burrowillg Owl Nesl
Clutch Size
Brood Size
Fledge Size

Clutch Size
Brood Size
Fledge Size

R·Square

df

F

P

0.18
0.07

49
63

10.81
4.35

0.002
0.041

Clutch Initiatioll Date (*'·0.40)
Clutch Initiation Date (*-0.26)
None Retained

0.33
0.22
0.16

97
110
110

23.70
7.51
9.96

<0.001
0.001
<0.001

Clutch Initiation Date ("*-0.55) Number of Nests w/250 m (-0.16)
Clutch Initiation Date ("-0.25) Nearest Neighbor Distance (*0.19)
Clutch Initiation Date ('*-0.27) Nearest Neighbor Distance (*·0.24)

Variables Retained ill Models (Regression Coefficients)

Prairie Dog CololIY
1999

2000

Clutch Size
Brood Size
Fledge Size

0.37

12

6.51

0.027

0.34

13

6.25

0.028

Pair Density (-0.17)
None Retained
Colony Size (0.15)

Clutch Size
Brood Size
Fledge Size

0.70
0.41
0.55

IS
16
16

15.24

10.10

<0.001
0.006
0.004

Clutch Initiation Date ("'-0.62) Nearest Neighbor Distance ('0.34)
Number of Nests w/250 m (*-0.32)
Nearest Neighbor Distance (·0.37) Clutch Initiation Date (*-0.35)

8.64

• P < 0.05, '*p < 0.01, **.p < 0.001

$

Table 7. Independent variables correlated at the colony scale in Buffalo Gap National Grassalnd for 1999 and 2000.
Both = correlated both years, + or - describes whether it is positively or negatively correlated.

Variable

Correlated Variables

Colony Size
Aclive Burrows/Ha

Mean Distance to Edge (+ 1999), Pair Density (- Both), and Number of Nests/Colony (+ Both)
Inactive Burrows/Ha (+ 2000), Tolal Burrows/Ha (+ Both), and Prairie Dog Density/Ha (+ Both)

Inaelive Burrows/Ha

Total Burrows/H. (+ 2000), Prairie Dog Density/Ha (+ 2000), and % Aclive Burrows (- Both)

Tol.1 BurrowslB_

Prairie Dog Density/Ha (+ 2000), and % Aclive Burrows (+ 2000)

Meall Nearest Neighbor Distance

Mean Number of Nests wn,SO m of a Nest (- Both)

Mean Burrow Length

Number of Nests/Colony (+ 2000), and Mean Distallce to Edge (+ 2000)

Number of Nests/Colony

Mean Dislance to Edge (+ 2000)

cl
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Table 8. Prairie dog colonies in which prairie dog activity was measured in Buffalo
Gap National Grassland, 1999. All colonies had at least one burrowing owl nesting
attempt.

Colony
ID
43
51
52
104
150
183
216
111
130
128
154
161
96
101
116
140
153
157
159

Size
(Ha)
8.4
6.9
4.8
6.7
259.6
18.8
35.1
42.7
55.5
281.3
123.3
39.6
12.4
43.1
60.7
31.5
6.6
24.7
41.4

Active
Bur/Ha
113.3
66.7
83.3
96.7
180.0
124.4
·111.1
138.3
107.8
161.5
123.3
163.4
196.7
147.6
86.0
104.0
120.0
102.5
93.3

Inactive
Bur/Ha
3.3
13.3
13.3
26.7
13.0
34.4
21.7
11.7
9.6
2.8
4.7
3.3
18.3
5.2
6.0
3.3
3.3
1.7
3.3

Total
Bur/Ha
116.7
80.0
96.7
123.3
193.0
158.9
132.8
150.0
117.4
164.3
128.0
166.7
215.0
152.9
92.0
107.3
123.3
104.2
96.7

Mean

58.1

122.1

10.5

132.6

%Active P.Dog
Burrows Dens/Ha
97.1
35.8
21.1
83.3
26.4
86.2
30.6
78.4
93.3
56.9
39.4"
78.3
35.1
83.7
43.8
92.2
34.1
91.8
98.3
51.1
39.0
96.4
98.0
51.7
62.2
91.5
96.6
46.7
27.2
93.5
32.9
96.9
38.0
97.3
32.4
98.4
29.5
96.6
92.0

38.6

#of
Nests
6
4
1
1
9
4
8
2
3
7
6
4
1
3
6
2
1
1
5
3.9
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Table 9. Prairie dog colonies in which prairie dog activity was measured in Buffalo
Gap National Grassland, 2000. All colonies had at least one burrowing owl nesting
attempt.

Colony
ID
43
64
85
150
183
216
111
130
161
128
154
96
101
107
116
140
157
159

Size
(Ha2
20.0
13.9
10.8
259.6
18.8
34.1
42.7
55.5
39.6
281.3
1233
12.4
43.1
18.0
82.9
31.5
24.7
41.4

Active
Bur/Ha
90.0
138.3
135.0
151.9
187.8
148.3
168.3
144.4
166.7
123.8
103.3
208.3
159.5
93.3
75.7
126.0
111.7
131.4

Inactive
Bur/Ha
0.0
8.3
3.3
16.9
3.3
7.2
21.7
2.6
16.7
8.8
1.3
11.7
5.2
0.0
1.0
5.3
1.7
1.9

Total
Bur/Ha
90.0
146.7
138.3
168.7
191.1
155.6
190.0
147.0
183.3
132.7
104.7
220.0
164.8
93.3
76.7
131.3
113.3
133.3

% Active

Burrows
100.0
95.4
97.6
90.0
98.3
95.4
88.6
98.2
90.9
93.3
98.7
94.7
96.8
100.0
98.7
95.9
98.5
98.6

P.Dog
Dens/Ha
28.5
43.8
42.7
48.0
59.4
46.9
53.2
45.7
52.7
39.2
32.7
65.9
50.5
29.5
23.9
39.9
35.3
41.6

#of
Nests
4
3
2
15
2
10
1
1
3
9
5
2
3
2
5
2
2
1

Mean

64.1

136.9

6.5

143.4

96.1

43.3

4
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Table 10. Significant variables associated with prairie dog shooting management
in 1999. Active Burrows/Ha, % Active Burrows, and Prairie DogDensity/Ha are
prairie dog factors; Mean Distance to Edge = mean distance from the colony edge for
all nests within a colony in Buffalo Gap National Grassland. Restricted =No
Shooting Allowed, Unrestricted =Shooting Allowed.

Mean

SE

dt

t

P

Active Burrows/Ha
Restricted
Unrestricted

l30.7
90.0

8.50
9.91

17.0

2.33

0.032

% Active Burrows
Restricted
Unrestricted

93.5
86.3

1.47
3.97

17.0

2.09

0.052

Prairie Dog Density/Ha
Restricted
Unrestricted

41.3
28.5

2.69
3.l3

17.0

2.33

0.032

Mean Distance to Edge
Restricted
Unrestricted

57.5
31.8

0.12
0.34

41.0

2.17

0.036
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CHAPI'ER3:

FACTORS INFLUENCING BODY CONDITION OF NESTUNG
BURROWING OWLS IN BUFFALO GAP NATIONAL GRASSLAND

INTRODUCTION
Body condition has been defmed as the fitness of a particular individual relative
to its present and future energy demands and activities (Owen and Cook 1977).
Ringleman and Szymczak (1985) considered "condition" a measure of survivability for
an individual at a particular time of year and/or its future ability to successfully breed.·
Physiological measurements of birds can provide a relative index to whole body
fat and the physical condition a particular bird is in compared to the rest of the
population. Body weight and structural measurements such as wing chord, culmen
length, head length, tarsus length, total body length, and various combinations of these
have been used to assess the condition of both live and dead birds (Bailey 1979, Chappell
and Titman 1983, Hepp et al. 1986, Hohman and Taylor 1986).
The body condition of a bird may determine when and how it migrates. European
robins (Erithacus rubecula) in lean condition either stayed at their current location,
possibly to improve their fat stores, or departed in opposite directions of normal
migratory patterns, presumably to find better feeding conditions (Sandburg 1994).
Additionally, birds in poor health may be more susceptible to death during migration.
Mallards (Anas platyrhynchos) in poor body condition are more likely to be shot during
the hunting season than those in good condition (Hepp et al. 1986).
Burrowing owl nestlings typically show a large amount of variability in growth
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rates (Landry 1979, Bellocq 1997) and body condition (Wellicome 2000). Much of this
has to do with the owl's asynchronous hatching; early nestlings get a greater proportion
of food, which results in a faster growth rate. Wellicome (2000) tested the variability in
nestling body condition between supplementally fed pairs and unsupplemented pairs in
Canada. Supplementally fed pairs had broods in better body condition than
unsupplemented pairs during two years of his study. Owls in poor condition are more
likely to suffer from starvation, disease, and predation. Burrowing owl chicks
cannibalized by their siblings were always the smallest individuals remaining in the
brood (Wellicome 1997). More than likely, these chicks died from one of the abovementioned reasons and were subsequently eaten by hungry siblings. Lutz and Plumpton
(1997) determined that first year survival for bUrrowing owls was only 12% and then
increased to an average of 62% for remaining years in Colorado.
Stress has been defined as the effect of any force that extends homeostatic or
stabilizing forces beyond their normal limits (Esch et al. 1975). For young burrowing
owls, factors such as weather, food resources, predation pressure, and sibling competition
serve as possible stressors. Stress can lead to physical damage, behavioral changes, and
negative physiological responses (Gonyou 1986). Greater parasitism has also been
recorded in stressed ducklings (Ould and Welch 1980). Owl nestlings in poor body
condition are probably experiencing more stress than owls in good condition.
Young burrowing owls, especially those in large broods, may suffer from
increased levels of stress associated with crowding and competition for scarce food
resources. Large broods have slower growth rates and last-hatched young are typically
smaller and more likely to die (Wellicome 1997). Although starvation is the most
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common reason given for within brood deaths, stress induced physiological changes
such as immune suppression could also playa major role by increasing rates of infectious
disease and parasitism. Birds with low fat stores may be more prone to infections or
inflammatory diseases (Harrison and Harrison 1986, Svensson and Merila 1996). Habitat
may be the ultimate variable concerning stress-induced death; adequate food resources
and satellite burrows allow young owls to spread-out and avoid crowding conflicts.

In this paper, body condition and stress levels of nestling burrowing owls were
analyzed. It was predicted that birds in poor condition would have higher stress levels.
Mean body conditionlbrood was also analyzed in relation to: pair arrival date on the
breeding grounds, clutch initiation date, distance to the colony edge, the number of nests
within 250 m of a particular nest, and nearest neighbor distance. Nests with greater
nearest neighbor distances and smaller numbers of nests within 250 m should have
broods in better body condition since there would be less competition for food resources.
Additionally, the relation between body condition and reproductive performance (i.e.,
clutch size, brood size, and number of young fledged) was analyzed. I predicted that as
clutch size, brood size, and number of young fledged increased, mean body condition
would decease because more young are competing for food resources. Categorical data
that were analyzed consisted of burrow re-use and female nesting behavior (aggressive
vs. nonaggressive). Since re-used burrows were more successful and fledged more young
(Chapter 2), owls nesting in burrows used the previous year should have broods in better
body condition than owls nesting in new burrows.
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STUDY AREA

Research took place from April to August of 1999 and 2000 in the Wall District
of Buffalo Gap National Grassland, in southwestern South Dakota (Figure 1). The
District has approximately 220 prairie dog (Cynomys ludovicianus) colonies that range in
size from 0.5 to 700 ha, with a total area of around 4,000 ha. The study area was
primarily in the Conata Basin and Scenic Basin area, both of which contain numerous,
large prairie dog colonies (Figure 2). The Wall District has done little prairie dog
poisoning over the last 10 years, and totally eliminated poisoning as a management
practice 5 years ago (D. Sargent, U.S. Forest Service, Buffalo Gap National Grassland,
personal communication). In late summer of 1998, prairie dog shooting was prohibited
as a recreational activity in the Conata Basin and Heck Table area, both of which are
black-footed ferret (Mustela nigripes) reintroduction sites, but is still allowed on areas
outside of this zone. The Forest Service determined that there was a 30 - 40% decrease in
prairie dog activity in areas that allowed shooting.

In 1999, 63 prairie dog colonies ranging in size from 1.4 - 451.9 ha were
surveyed for owls (Figure 2); 43 of those colonies had at least one nesting attempt
(Chapter 2). The same colonies were surveyed in 2000, however, due to shooting
restrictions and a relatively dry winter, two of the surveyed prairie dog colonies expanded
and merged with two unsampled colonies, greatly increasing their size. The range in
colony size changed to 1.4 -700 ha in the second year of this study, and 45 of the 63
colonies had at least one nesting attempt (Chapter 2).
All colonies were subject to rO\lltional grazing by domestic cattle, which has taken
place on the National Grassland since 1900 (MacCracken et al. 1985a,b). Historically,
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bison (Bison bison) were the dominant grazers. All nearby or adjacent areas were
characterized as grassland. These areas were cattle grazed, except for near the Badlands
National Park boundary. Where Buffalo Gap meets the National Park, the park side of
the fence is ungrazed grassland.
The climate is "semi-arid-continental" and characterized by cold winters and hot
summers. Most precipitation occurs during the growing season and averages 40 em per
year (Agnew et al. 1986). Over the 4-month period (1 April- 1 August) of my research,
the average temperature, taken from the 100-year mean (1900 - 2000), was 15.61 ° C with
a mean precipitation of 6.14 em. The average temperature in 1999 over this same 4month period was cooler with a mean of 14.88° C and wetter with a mean precipitation of
8.89 em. In 2000, the means were closer to normal with an average temperature of
15.89° C and mean precipitation of 7.07 em (National Climate Data Center 2000).

METHODS
Nest Locations

Prairie dog colonies were intensively searched for burrowing owl nests at least
twice weekly by foot, all terrain vehicle (ATV), and 4x4 truck. Surveys were conducted
from 2 April- 15 June 1999 and from 11 April- 15 June 2000. I considered 15 June the
cutoff for owls establishing new nests and shifted my efforts from search and monitor, to
monitor and trapping after that date. Owl nests were identified by the presence of one or
more owls in the area and generally a burrow with shredded cow dung at the entrance.
Nest burrows typically had nearby "perch" burrows covered in whitewash. All nest
locations were recorded on geographic information system (GIS) maps provided by the
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U.S. Forest Service.
Clutch Size and Female Behavior
It was determined that egg laying had begun once the female became more
conspicuous and large amounts of nesting material (i.e., shredded cow dung) were
deposited around the burrow entrance. An underground video probe (peeper Video
Probe no, Sandpiper Technologies, Manteca, California) was used to get an initial egg
count by manipulating the device down the burrow until the eggs were located. Females
that were in the burrow at the time of probing were assigned a behavior, either
"aggressive~

or Mnon-aggressive" according to their actions. Aggressive females were

those that anacked, pecked, and/or hissed at the probe, or on rare occasions buried their
eggs and ran down the burrow. Non-aggressive females typically sat motionless and
either would not move or simply stepped aside when I was trying to get clutch counts.
Every attempt was made to get 2 clutch counts per nest and ensure that the female
was frnished laying. Burrowing owls lay 1 egg every 1.5 days (Olenick 1990), and a
clutch size of 12 was considered the maximum that any female could lay (Wellicome
2000). The time interval between probe attempts was adjusted accordingly. For
example, if my initial probe attempt was successful and I counted 3 eggs, then it would
take an additional 14 days for that particular female to lay the maximum clutch of 12
eggs. However, since the exact timing of when the third egg was layed on the initial
probe was not known, one more day was added to the probe interval. The next probe
attempt from the example given would then be 15 days after the initial successful
attempt. Except for the nests that already had complete clutches on the first probe
attempt, it was possible to backdate and determine within 1 day when the clutch was
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initiated.

Brood and Fledge Counts
Counts of young were usually conducted at distances -.100 m using a window
mounted spotting scope within a vehicle. Nearby satellite burrows were scanned for
activity. A minimum of 15 minutes was spent at each nest site, but it was common to
spend up to 45 minutes to get a good count. Nest sites were visited at least twice a week
but usually 3 or 4 times a week during this phase of the study. Brood size was estimated
as the maximum number of young seen at each nest site prior to fledging. Each
individual nest site was subsequently monitored until it was either terminated or had
successfull y fledged young. A successful nest was one that had at least one nestling
survive until fledging age (approximately 42 days of age, Haug 1985).

Nest Level Factors
Besides information on clutch, brood, and fledge size, arrival date on the breeding
grounds of individual pairs was determined similar to WeIlicome's (2000) study in
Canada. Whenever a pair was initially spotted and displayed a certain degree of
territoriality before nesting, their arrival date was identified as the midway point between
the last visit before identifying the pair and the date the pair was located. For data
analysis purposes, 1 April was identified as day 1. Thus, 2 May would be day 32 and so
forth. Arrival dates for 1999 were not included in the analysis due to the extremely wet
weather that year and my subsequent inability to reach certain prairie dog colonies.
The distance from a nest location to the edge of the prairie dog colony was
measured with a Rolotape measuring wheel to the nearest meter. Grid coordinates for
each nest location were obtained with a global positioning system GPS (=5 m) and
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incorporated into the existing GIS. Both nearest neighbor distance and the number of
nests within 250 m of a particular nest were determined using ArcView 3.0
(Environmental Systems Research Institute, Inc., Redlands, California, USA). Nearest
neighbor distance was defined as the next closest nest site, even if that nest was located in
a different prairie dog colony. If an unsampled prairie dog colony was located next to a
sampled colony that had only one nest in it, then it was excluded from the nearest
neighbor analysis because of the possibility that owls were nesting in the unsampled
colony. Additionally, nests were excluded if nearest neighbor distances within the colony
were larger than distances to the nearest unsampled colony.

Body Condition Analysis
Burrowing owl nestlings were trapped from 19 June - 26 July 1999 and from 23
June - 1 July 2000. Nest sites selected for trapping were chosen from prairie dog
colonies of various sizes. When the entire brood for a particular nest was consistently
seen aboveground, but before they started using satellite burrows on a consistent basis,
the nest was considered for trapping.
Traps (Appendix A) were typically set early in the morning, and on some
occasions early in the evening to prevent heat related stress. Traps were rechecked after
2 hours; usually the brood was caught by then, but if not, the trap was removed. When
the nestlings were caught, they were placed in a pet taxi. Each bird was fitted with a U.s.
Fish and Wildlife Service aluminum leg band, and a combination of 1, 2, or 3 colored leg
bands. Body condition was assessed, as well as a blood smear made for stress level
analysis. Birds were released back into the nest burrow. Only those nests in which at
least 1/3 of the brood was captured were used in the nest level analysis. The reason for

,
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this was to ensure that the mean body condition obtained for the brood was an accurate
representation. lbis excluded only 2 nests in 1999 and none in 2000.
Body mass was determined by weighing each owl to the nearest 0.5 g with a
Pesola spring scale. Additionally, culmen (",0.5 mm), tarsus length (±0.5 mm), and
unflattened wing chord (±0.5 mm, from flexed wrist to the end of the longest primary)
were measured for structural size indices.
I used body mass corrected for structural size to provide a relative index of body
condition for each bird (White and Bolen 1984, Ringleman and Szymczak 1985, Dufour
et al. 1993, and Wellicome 2000). A measure of structural size for each individual was
obtained through principal components analysis (pCA, PROC PRlNCOMP, SAS
Institute Inc. ·1999) on the correlation matrix of the 3 structural measurements (i.e.,
culmen, tarsus, and wing chord).· Results were analyzed for all nestlings trapped and
separate indexes were obtained for each year. In 1999, the first principal component
described positive covariation among the 3 variables (coefficients: 0.60,0.58,0.55
corresponding to tarsus, wing chord, and culmen, respectively) and accounted for 80.4%
of the total original variance. In 2000, the first principal component described positive
covariation among the 3 variables (coefficients: 0.58, 0.59, 0.57 corresponding to tarsus,
wing chord, and culmen, respectively) and accounted for 87.0% of the total original
variance. Each bird's score along this axis (hereafter called PC1 scores) served as an
estimate of its structural size. The body condition index for each bird was then
determined by taking the mass residuals from the linear regression of mass on PC1, and
adding them to the mean mass for all nestlings trapped that year. Thus, a bird with a
body condition index below the mean mass had a negative residual and was lighter than
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what would be expected for a bird with that structural size. The opposite was true for a
bird with a body condition above the mean mass; it had a positive residual and was
heavier than what would have been expected.

Stress
Stress levels were determined for 88 nestlings in 1999 and 20 nestlings in 2000.
For the latter, I selected 10 birds that looked to be in poor condition and 10 birds that
appeared to be in good condition to confirm 1999 results. Blood from a wing vein was
,

,

taken from sampled nestlings and smeared on a glass slide. When fieldwork was
concluded, the smear was stained with Eosin, Methylene Blue, and Azure A staining
compounds (Leukostat Stain, Fisher Diagnostics, Pittsburgh, Pennsylvania, USA) and a
total of 100 heterophils and lymphocytes counted. The heterophil/lymphocyte (HIL) ratio
was used to reflect stress levels; the larger the number, the greater the stress.

Data ADalysis
I used simple linear regression (pROC REG, SAS Institute Inc. 1999) to analyze
the relation between stress level (dependent variable) and body condition (independent
variable) at the individual bird scale. Additionally, t-tests were used to compare stress
levels between nestlings with a body condition .. mean body condition and those nestling
with a body condition <mean body condition. At the burrowing owl nest scale, simple
linear regression (PROC REG, SAS Institute Inc. 1999) was used to analyze the relation
between body condition (i.e., mean body condition/brood; dependent variable) and
independent variables (arrival date, clutch initiation date, distance to edge, number of
nests within 250 m of a nest, and nearest neighbor 'distance). In addition, body condition
was regressed against clutch Size, brood size, and the number of young fledged.
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Independent variables included in stepwise multiple regression (PROC REG, SAS
Institute Inc. 1999) models were: distance to edge, number of nests within 250 m of a
nest, and brood size; arrival date was included in 2000. Body condition of nestlings was
also analyzed in terms of female behavior (aggressive vs. non-aggressive), and in 2000,
burrow re-use (same burrow used as the previous year vs. new burrow) using independent

t-tests (PROC TIEST, SAS, Institute Inc. 1999).
All variables were· tested for normality (pROC UNNARIA1E, SAS Institute Inc.
1999) and transformed to either LOG(y + 1) or LOG(y + 1/6) (for those variables in
which the mean was very small, i.e., between 0 and 1; Mosteller and Tukey 1977).
Variables were then tested for collinearity (PROC CORR, SAS Institute Inc. 1999); two
variables were considered correlated if the Pearson's Correlation Coefficient was ",0.7.
A significant relationship existed if P s 0.05. None of the variables used in the multiple
regression analyses were correlated; an entry P-value of 0.15 was used for selecting
significant variables to be retained in the model. Data were analyzed separately for each
year due to the differences in weather and prairie dog activity.

RESULTS
A total of 94 burrowing owl nestlings were trapped in 1999, and 97 were
trapped in 2000. Mean stress levels were 0.22 (range: 0.03 - 0.67) and 0.26 (range: 0.09
- 0.64) for 1999 and 2000 respectively. For both years, stress levels were negatively
related with body condition when analyzed with linear regression (Figure 5); however,
the amount of variation explained was low (l = 0.05 and 0.31 in 1999 and 2000,
respectively). Additionally, nestlings were experiencing higher stress levels if their
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body condition was below the mean condition of all nestlings for each year (Table 11).
Mean body condition/brood was obtained for 26 nests in each year. The mean
brood size for those nests was 4.2 (range: 1- 7) in 1999 and 4.6 (range: 2 - 8) in 2000.

In 1999, mean body condition was negatively related to brood size (Figure 6). In 2000,
pairs that arrived earlier on the nesting grounds had broods in better body condition than
those that arrived later (Figure 6). Brood size and distance to edge were retained in the
multiple regression model for 1999 (both had negative coefficients, Table 12). In 2000,
only arrival date was retained and it was negatively related to body condition of nestlings
(Table 12). There were no significant findings for any of the categorical data. The
number of nests within 250 m of a ne.st was negatively correlated (pearson's Correlation
Coefficient = -0.857 [1999}, and -0.74 [2000]) with nearest neighbor distance for both
years.

DISCUSSION
Nestlings in poor body condition had higher stress levels. Thus, those chicks in
poor condition are probably also suffering from stress-associated affects (i.e., physical
damage, behavioral changes, and negative physiological responses such as alterations to
the immune system) (Gonyou 1986). It is generally believed that, short of predation,
most burrowing owl nestling mortality is from starvation. However, stress-related effects
could also be associated with mortality. Crowding has been shown to increase stress
levels for mallard ducklings and lead to greater parasitism (Ould and Welch 1980). This
could be a problem for owls in large broods. Also, cold stress has been shown to
decrease immune responses in some birds and increase their chances of contracting
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infectious diseases (Svensson et al. 1998). Cold stress may be very critical for young
burrowing owls since they have poor thermoregulatory capacity during the first week of
life (Landry 1979). Since no more than 31 % of the variation in stress was explained by
body condition, other factors may also playa role such as nearby food resources,
parasites, and possibly recent weather conditions.
Larger broods were in worse condition than smaller broods in 1999. Brood size
was negatively related to nestling growth rates (Landry 1979, Bellocq 1997). In 1999,
food resources could have been depressed because of the wet weather, which may have
affected how many young the adults could adequately feed. Also, adult owls were
probably limited in their abilities to hunt during heavy rain events. Wellicome (2000)
noted that nestling mortality increased during periods of heavy rain, and especially when
rain fell for several consecutive days. Nests located closer to the edge had broods in
better condition. Those pairs located closer to the edge can easily shift their hUnting
efforts to resources off the colony when prey is depressed. The fact that these
relationships were not seen in 2000 may indicate that during normal years, Buffalo Gap
National Grassland has adequate food resources for even the largest broods regardless of
nest location.
Pair arrival date was negatively related to nestling body condition in 2000. Those
pairs that arrive earlier on the breeding grounds are able to secure good territories with
more food resources than those forced to nest in marginal habitat. This may have been a
factor in 1999, but due to the inability to reach certain colonies in a timely manner
because of heavy precipitation, it was not included in the analysis. Even though nearest
neighbor distance was positively related and the number of nests within 250 m of a nest
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was negatively related to brood size and the number of young fledged/nest in 2000
(Chapter 2), these factors did not appear to be related to body condition of nestlings. This
may be attributed to the fact that most nest failures take place before young are hatched
(R. Griebel personal observation). Also, brood sizes may be adjusted early in the brood
stage (Le., first week after hatching), so those young that survive until they are able to
come above ground will more than likely be at a brood size the adults can adequately
feed during a normal year. No differences in body condition were found in terms of
burrow re-use and female behavior.

CONCLUSION
In years with poor weather, and possibly reduced food supplies, body condition

may be a function of brood size and nest location within the-colony. Pair arrival date
appears to influence body condition during normal years on Buffalo Gap National
Grassland; however, since arrival date was not analyzed in 1999, there could bea relation
during wet years as well. The low amount of variation explained by the multiple
regression models may indicate that other factors such as nearby food resources and
weather could be influencing nestling body condition. Additional studies under different
weather conditions and information on corresponding resource availability would be
useful. Also, it would be valuable to compare burrowing owl nestling body condition as
an indicator of stress between Buffalo Gap National Grassland and areas where prairie
dogs are experiencing shooting and poisoning pressure (Le., western Nebraska).
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Figure 5. Simple linear regression comparing burrowing owl nestling stress levels
with body condition at the individual bird level in Buffalo Gap National Grassland, 1999

and 2000.
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Figure 6. Simple linear regression comparing mean body condition/brood of nestling
burrowing owls with brood size in 1999, and arrival date in 2000, Buffalo Gap National
Grassland.
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Table 11. Comparison of stress levels between nestling burrowing owls in good
body condition (above mean body condition) vs. those in poor condition (below
mean body condition) in Buffalo Gap National Grassland,1999 and 2000.

Mean

SE

df

t

P

0.19
0.24

0.04
0.04

84

2.44

0.017

0.17
0.31

0.02
0.03

18

2.4

0.027

1999
Stress Level
Good Body Condition
Poor Body Condition

2000
Stress Level
Good Body Condition
Poor Body Condition
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Table 12. Stepwise multiple regression showing which variables were the best
predictors of nestling body condition at the burrowing owl nest scale.

Year

R-Square

df

F

P

1999

0.24

25

3.7

0.04

Brood Size (-0.40)
Distance to Edge (-0.24)

2000

0.15

25

426

0.05

Arrival Date (-0.22)

Variables Retained in Models
(Regression Coefficients)
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APPENDIX A:

BURROWING OWL TRAP USED TO CAPTURE
NESTLINGS IN BUFFALO GAP NATIONAL GRASSlAND

Initially, PVC tube traps (Botelho and Arrowood 1995) were used with little
success in capturing young burrowing owls. Instead, I developed a simple trap that
consisted of a 10-em diameter piece of PVC tubing that was 4 em long. The one-way
opening door was a piece of clear plastic glazing (1 nun thick) cut to fit on one side of the
PVC "ring" and secured to the top with a piece of duct tape. The top of the door was cut
to fit snug against the inside of the "ring" while the bottom extended to just below the
bottom of the "ring." Thus, when placed in the burrow with the door facing the entrance,·
the door would simply swing upward as owls passed through to exit the burrow and
subsequently close behind them. Since the bottom of the door was unable to swing the
opposite direction, the owls could not run back down the burrow once they went through
the trap (Figure 5). A chicken-wire basket was made and placed on top of the burrow to
keep the owls from escaping.
The 10-em diameter PVC tubing worked well with the prairie dog burrows the
owls were nesting in. It is important to place the trap at least elbow length deep into the
burrow. Usually there are small openings between the outside of the trap and the tunnel
wall that can be easily plugged with clumps of soil or pieces of cow dung. I typically
lifted the trap door and scattered loose soil over the bottom of the trap and then let the
door fall shut. This provided a more natural walkway and helped prevent the door from
being forced open in the opposite direction. Once owls went through the trap and
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realized they had been caught, the brood "piled-up" in the burrow and tried to force
their way back though the trap and down the burrow when approached. Thus, it is
essential that the trap is set firmly in the burrow. For badger burrows, a 15.5-cm
diameter coffee can, cut 4 ern long, works similar to the PVC tubing. Of all the
burrowing owl traps used in past studies, this trap probably causes the least amount of
stress on the birds. The owls can either stand outside the burrow or stay within the
confines of the burrow, depending on how deep the trap is set. Additionally, the entire
brood was almost always caught within 2 hrs of setting the trap, which eliminates the
need to leave the trap in place over long periods of time. The trap is inexpensive to
make. The PVC tubing can be purchased at any lumber yard and the clear plastic
glazing, which is used for picture framing, can be found at most hobby stores and can be
cut with a utility knife.
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Figure 7. Burrowing owl trap used for research. The trap is placed approximately 0.5
m into the burrow so the door swings upward toward the burrow opening. Once the owls
pass through the trap, they cannot go back through because the door jams against the
bottom of the PVC tube. A chicken-wire basket is plaoed on top of the burrow to keep
the owls confined.
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